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TIIVISTELMÄ 
 
Liikunta on yhteydessä matalaan verenpaineeseen. Perinnöllinen alttius vaikuttaa sekä 
verenpaineeseen että liikunta-aktiivisuuteen merkittävissä määrin, joten tämä yhteys 
saattaa osin selittyä geneettisellä valikoitumisella, ts. ne joiden on luontaista liikkua 
omaavat myös matalat verenpainetasot. Geneettisen valikoitumisen osuutta on vaikea 
arvioida perinteisissä epidemiologissa tutkimuksissa. Tämän tutkimuksen tavoitteena 
oli tutkia vapaa-ajan liikunnan ja kohonneen verenpaineen ilmaantuvuuden välisen 
yhteyden luonnetta. 
 
Liikunnan ja kohonneen verenpaineen ilmaantuvuuden välistä yhteyttä tutkittiin 
kyselypohjaisin seurantatutkimuksin kolmessa eri kohortissa. Miespuolisia keski-
ikäisiä ja vanhempia suunnistajia ja verrokkeja (n=652) seurattiin 11 vuoden ajan 
sekä miespuolisia entisiä huippu-urheilijoita ja verrokkeja (n=888) 10 vuoden ajan. 
Suomen Kaksoskohortissa (n=8312) kartoitettiin liikuntatottumuksia kahdesti kuuden 
vuoden välein vuosina 1975 ja 1981 ja sen jälkeen tutkittiin 9 vuoden seurannassa 
(vuoteen 1990) kohonneen verenpaineen ilmaantumista. 
 
Geneettisten tekijöiden vaikutusta liikunnan ja verenpaineen yhteyteen tutkittiin 
kaksoskohortin alaryhmässä (n=350), jossa haastateltiin identtisten ja epäidenttisten 
kaksosparien elinikäinen liikunta-aktiivisuus ja mitattiin heidän verenpaineensa. 
Geneettisellä mallinnuksella arvioitiin ulkoisten tekijöiden ja geneettisten tekijöiden 
osuutta systolisen ja diastolisen verenpaineen vaihtelun selittäjinä. Lopuksi tutkittiin 
yhtä pääosin perinnöllistä tekijää, lihassolutyyppijakaumaa, verenpainetasojen 
ennustajana 19 vuoden seurantatutkimuksessa 64 miehen otoksessa. 
 
Verrattuna verrokkeihin veteraanisuunnistajilla ja entisillä kestävyysominaisuuksia 
edellyttävien lajien huippu-urheilijoilla oli alhainen kohonneen verenpaineen riski 
(ikävakioitu riskisuhde 0.26 veteraanisuunnistajilla ja 0.67 entisillä huippu-
urheilijoilla). Kaksoskohortissa miehillä sekä jatkuva intensiivisen liikunnan 
harrastaminen että aiempi harrastaminen joka sittemmin on loppunut olivat 
itsenäisesti yhteydessä alhaiseen kohonneen verenpaineen riskiin (riskisuhteet 0.62-
0.69 verrattuna niihin, jotka eivät missään vaiheessa harrastaneet intensiivistä 
liikuntaa), mikä kertoo että liikunta todennäköisesti madaltaa riskiä kohonneeseen 
verenpaineeseen, mutta saattaa viitata myös valikoitumiseen. Naisilla liikunta-
aktiivisuus ei ollut yhteydessä kohonneen verenpaineen riskiin. Tämä löydös saattaa 
johtua naisten ja miesten erilaisista liikuntatottumuksista. 
 
Kaksoskohortin alaryhmässä nuoruuden (12-20 vuoden iässä harrastettu) aerobinen 
liikunta oli yhteydessä matalaan diastoliseen verenpaineeseen ja näiden kahden 
tekijän geneettiset taustat olivat osittain samat. Viimeaikainen liikunta ei ollut 
johdonmukaisesti yhteydessä matalaan verenpaineeseen, mikä saattaa johtua 
liikunnan arvioinnin vaikeudesta tai terveydenhuollon piirissä mitatun korkean 
verenpaineen jälkeen annetuista liikuntaohjeista. 
 
Suuri osuus hitaita, tyyppi I lihassoluja luurankolihaksissa, ominaisuus joka ei 
juurikaan muutu liikunta-aktiivisuuden muutosten myötä, ennusti itsenäisesti matalia 
verenpainetasoja ja selitti osan liikunnan ja matalan verenpaineen yhteydestä. 
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ABSTRACT
Physical activity is associated with low blood pressure levels and reduced risk for
hypertension. Blood pressure levels and engagement in physical activity are, however,
both significantly heritable, and thus genetic selection may influence this association.
The role of genetic selection is difficult or impossible to assess in traditional
population-based epidemiological studies of the association between exposure and
outcome. The aim of the present study was to investigate the nature of the association
between leisure-time physical activity and occurrence of hypertension.
The association between physical activity and occurrence of hypertension was
investigated in three cohorts by questionnaire-based follow-up studies. Middle-aged
and older male orienteering runners and controls (n=652) were followed for 11 years,
and male former elite athletes and controls (n=888) for 10 years. Physical activity
habits in a cohort of male and female twins (n=8 312) were assessed twice 6 years
apart, and after a follow-up period of 9 years, occurrence of hypertension.
Genetic effects in the association between physical activity and hypertension were
investigated in a male subgroup (n=350) of the large twin cohort, for which the
lifetime history of physical activity in monozygotic and dizygotic twin pairs was
determined through an interview, along with measurement of blood pressure. Genetic
modelling then allowed estimation of genetic and environmental components of
variance of systolic and diastolic blood pressure. And finally, a specific inherited
factor, muscle fibre-type distribution, was investigated as a predictor of blood pressure
levels in a 19-year follow-up study of 64 unrelated men.
Compared with controls, master orienteering runners and former elite athletes in
endurance or mixed sports were at low risk for hypertension (age-adjusted odds ratios
(OR) 0.26 and 0.67 respectively). In the twin cohort, men, both persistent engagement
in vigorous activity and earlier engagement that had ceased 6 years later were
independently associated with lower risk for hypertension (ORs 0.69 and 0.62,
respectively, compared with persistent non-engagement), which may be an indication
of selection processes. In women, physical activity was not associated with risk for
hypertension. This finding may be due to differing patterns of exercise between
women and men.
In the male subgroup of the twin cohort, aerobic physical activity in adolescence was
associated with low diastolic blood pressure; the genetics regarding these two
characteristics were correlated. That recent physical activity was not consistently
associated with low blood pressure may be due to difficulties in assessing physical
activity or may reflect physicians’ recommendations to exercise following high blood
pressure readings.
A high proportion of type I (slow-twitch) muscle fibres in skeletal muscle, a
characteristic resistant to change along with alterations in aerobic physical activity,
was a strong independent predictor of low blood pressure levels, and explained part of
the association between physical activity and low blood pressure.
In sum, in men, physical activity is associated with low risk for hypertension. Genetic
factors such as muscle fibre-type distribution may explain part of this association.
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ABBREVIATIONS 
 
ACE  angiotensin-converting enzyme 
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Introduction 
1. INTRODUCTION  
 
Physical activity leads to numerous significant health benefits. Evidence exists for 
positive effects on all-cause mortality, on coronary heart disease, on blood pressure 
and hypertension, on blood lipids and lipoproteins, on type 2 diabetes, on obesity, and 
also on depression and anxiety. The occurrences of osteoporosis and colon cancer are 
reduced as well. Physical inactivity has been estimated to account for 35% of 
cardiovascular disease mortality in populations worldwide (Kesäniemi et al. 2001). 
 
In Finland, nearly half of all deaths result from cardiovascular diseases (Statistics 
Finland 2003), for which one of the most important risk factors is hypertension 
(Kannel 1996, Kiiskinen et al. 1998, Domanski et al. 2001). In 2003, of 5.2 million 
Finns, about 491 000 had been granted the right to reimbursable medication for 
hypertension, this number increasing by 10 000 per year (according to the 
Prescription Register at the National Social Insurance Institution in Finland, 
http://www.kela.fi). Furthermore, hypertension is a serious risk factor for other 
cardiovascular diseases such as coronary heart disease, cardiac failure, stroke, and 
peripheral artery disease, and it shortens life-expectancy (Kannel 1996, Kiiskinen et 
al. 1998). 
 
Thus, hypertension leads to considerable financial cost, and importantly, leads to a 
reduced quality of life. Thorough knowledge of the aetiology of hypertension may 
make it possible to prevent and treat the disease more efficiently. Hence, untangling 
of the association between physical activity and hypertension, made complex by 
genetic factors entwined with these factors, merits considerable scientific effort. 
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Review of the Literature 
2. REVIEW OF THE LITERATURE 
 
2.1. Physical activity 
 
2.1.1. Definition of physical activity 
 
Physical activity has been defined as ‘any bodily movement produced by the skeletal 
muscles that results in a substantial increase over the resting energy expenditure’ 
(Bouchard and Shephard 1994). Physical activity can be divided into occupational 
and leisure-time physical activity, whereas exercise signifies leisure-time physical 
activity that one is engaged in repeatedly in order to improve one’s fitness or health, 
or to reach physical or mental well being (Bouchard and Shephard 1994). 
 
2.1.2. Measurement of physical activity 
 
Because physical activity is a complex and multidimensional exposure variable, 
population-based measurement of it is difficult. No gold standard field measure of 
physical activity exists (Kriska and Caspersen 1997, Lamonte and Ainsworth 2001). 
Doubly labelled water, consisting of stable water isotopes whose urinary excretion in 
the form of water and carbon dioxide is tracked, appears to be the most accurate field 
measure of energy expenditure, but is expensive and difficult (Lamonte and 
Ainsworth 2001). Moreover, physical activity accounts for only a portion of total 
energy expenditure, basal metabolic rate typically accounting for 50 to 70% of total 
energy expenditure, and can consist of totally different types of activities such as 
aerobic activities and weight training, which may have differing effects on health 
(Kriska and Caspersen 1997).  
 
Assessment of physical activity also utilizes other objective measures such as motion 
detectors and heart rate monitors. These are much less costly and less difficult to use 
than doubly labelled water. They are, however, also rather expensive and not very 
practical in large epidemiological studies (Kriska and Caspersen 1997, Lamonte and 
Ainsworth 2001) but serve to validate physical activity questionnaires (Kriska and 
Kaspersen 1997).  
 
Questionnaires are a relatively easy, inexpensive, and non-invasive method of 
assessing physical activity, but have limitations such as uncertainties in human recall 
and report bias (Lamonte and Ainsworth 2001). The validity of physical activity 
questionnaires is also often assessed by a comparison with maximal oxygen uptake. 
Considerable heterogeneity and familial aggregation in the responsiveness of fitness 
to regular physical activity, however, exist (Bouchard and Rankinen 2001), and 
fitness is at least in part determined by heredity (Paffenbarger et al. 1993, Blair and 
Brodney 1999, Rankinen et al. 2004). Difficulties in measuring health-related 
dimensions of physical activity limit the ability to detect significant associations 
between physical activity and disease outcomes (LaPorte et al. 1985, Powell et al. 
1987, Kriska and Caspersen 1997). 
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2.1.3. Heritability of physical activity 
 
The classical way to calculate heritability, i.e., the fraction of population variance due 
to genetic variance, is to compare the similarity of monozygotic (MZ) and dizygotic 
(DZ) co-twins according to the formula (Jensen 1967, Christian and Williams 2000): 
 
heritability=2(rMZ-rDZ) 
 
The intra-class correlation coefficient (r) expresses the similarity of co-twins with 
respect to a specific variable (Christian and Williams 2000). 
 
Participation in physical activity has a genetic component, the strongest evidence for 
which comes from twin studies (Kaprio et al. 1981, Slattery et al. 1988, Boomsma et 
al. 1989, Koopmans et al. 1994, Lauderdale et al. 1997, Beunen and Thomis 1999, 
Kujala et al. 2002, Maia et al. 2002). This hypothesis is also supported by family 
studies (Willerman and Plomin 1973, Pérusse et al. 1989, Sallis et al. 1988, Simonen 
et al. 2002). The magnitude of the estimation of the component varies greatly 
depending on the study; reports of the heritability of sports participation range from 
0.35 to 0.83, and those of daily physical activity from 0.16 to 0.63 (Table 1). When 
available separately for males and females, the heritability estimates are 
approximately double for males (Table 1). The genetic component for high intensity 
exercise is higher than for moderate activity (Lauderdale 1997, Beunen and Thomis 
1999, Maia et al. 2002, Kujala et al. 2002). These large variations in estimates may be 
explained by differences in assessment of physical activity and by analyses that are 
adjusted for body mass and other characteristics and thus lead to lower estimates of 
heritability (Beunen and Thomis 1999). 
 
Table 1 Studies on heritability of physical activity 
First author Year Subjects Heritability 
estimate of PA or 
moderate-intensity 
activity 
Heritability estimate 
of sports participation 
or vigorous-intensity 
activity 
Kaprio 1981 1 537 MZ pairs and 3 507 
DZ pairs 
62%  
Slattery 1988 77 MZ pairs and 88 DZ 
pairs 
27%  
Pérusse 1989 1610 subjects from 375 
families 
29%  
Boomsma 1989 44 MZ pairs, 46 DZ pairs, 
and their parents 
 35% (women) 
77% (men) 
Koopmans 1994 578 MZ pairs, 1 000 DZ 
pairs, and their parents 
 45% 
Lauderdale 1997 1 006 MZ pairs and 530 DZ 
pairs 
27%a 53%b
Beunen 1999 43 MZ pairs and 61 DZ 
pairs 
 44% (women) 
83% (men) 
Simonen 2002 312 parents and 384 
offspring 
16%  
Maia 2002 203 MZ pairs and 208 DZ 
pairs 
32% (women) 
63% (men) 
40% (women) 
68% (men) 
Kujala 2002 1 772 MZ and 3 551 DZ 
pairs 
45%c 55%b
PA, physical activity; MZ, monozygotic; DZ, dizygotic. Outcome variables: amoderate activities such 
as walking and stair climbing; bjogging or running; ctotal volume of physical activity.  
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2.1.3.1. Genetics of physical activity 
 
Little data exist on specific genetic factors of physical activity levels in humans 
(Simonen et al. 2003a). In women but not in men, evidence is that physical activity 
levels are associated with polymorphisms in the dopamine D2 receptor gene, which is 
proposed to play a role in rewarding mechanisms (Simonen et al. 2003b), and with 
polymorphisms in the calcium-sensing receptor gene in part responsible for keeping 
serum calcium levels optimal (Lorentzon et al. 2001). To date, to the best of my 
knowledge, only one linkage study exists. It has found some promising loci that may 
be associated with participation in physical activity (Simonen et al. 2003a). 
 
2.1.3.2. Muscle fibre-type distribution 
 
Skeletal muscle consists of slow-twitch (ST, type I) and fast-twitch (FT, types IIa and 
IIb) muscle fibres. Fibre types can be determined on the basis of their myosin ATPase 
staining patterns (Brooke and Kaiser 1970) or on the basis of myosin heavy-chain 
isoform expression via electrophoresis (Reiser et al. 1985, Staron and Pette 1986). 
Type I fibres have slow and type II fibres have fast contraction velocities (Barnard et 
al. 1971, Burke et al. 1971). Type II fibres can be further classified into IIa and IIb 
fibres by ATPase staining. Type IIa are intermediate between type I and type IIb 
(Brooke and Kaiser 1970). Type I fibres have a higher oxidative capacity than type II 
(Essen et al. 1975). By myosin heavy-chain isoform expression, fast (type II) fibres 
are categorized into types IIa, IIb, and IIx in rodents, while only IIa and IIx are 
expressed in humans (Smerdu et al. 1994). Recently, however, findings show that 
myosin heavy chains can be expressed heterogeneously within a single muscle fibre 
(Talmadge et al. 1996, Pette and Staron 2000), but fewer than 5% of the fibres contain 
both the slow myosin I and fast myosin IIa isoform (Andersen et al. 2000). 
 
In the vastus lateralis muscle, the percentage of type I fibres ranges from 13 to 96%, 
with a population mean of approximately 50% (Saltin and Gollnick 1983). High 
endurance performance is associated with a high proportion of type I fibres, and high 
speed and power capacities with a preponderance of type II fibres (Costill et al. 
1976a, Costill et al. 1976b, Bergh et al. 1978). A high proportion of type I fibres is 
also associated with high physical activity levels (Tikkanen et al. 1998, 1999). 
 
Muscle fibre type proportion is mostly determined by genetic factors. One twin study 
(Komi et al. 1977) (n=31 MZ and DZ pairs) reports as high heritabilities as 99.5% and 
92.8% for males and females. Another (Bouchard et al. 1986) (n=61 MZ and DZ 
pairs) states that there are no genetic effects, but the authors later conclude, based on 
that study and animal studies, that the genetic variation component is 40 to 50% 
(Simoneau and Bouchard 1995). Furthermore, although some findings indicate that 
minor changes in fibre composition may occur with training, the current conclusion is 
that the composition is highly resistant to change along with alterations in aerobic 
activity (Bassett 1994, Simoneau and Bouchard 1995, Spangenburg and Booth 2003). 
Nor does muscle fibre-type distribution change with increasing age (Rogers and 
Evans 1993). Endurance training can, however, cause a shift within type II fibres from 
IIb to IIa (Bassett 1994). 
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2.2. Hypertension 
 
2.2.1. Definitions of blood pressure and hypertension 
 
Blood pressure signifies the intra-arterial pressure in the systemic circulation. With 
every heart-beat cycle, blood pressure varies between systolic and diastolic pressure. 
Systolic pressure is the maximum pressure produced by contraction of the heart, the 
systole, while diastolic pressure is the minimum pressure following the rest period of 
the heart, the diastole. Mean arterial pressure, calculated as (systolic pressure + 2 × 
diastolic pressure)/3, is the product of cardiac output and total peripheral resistance 
(Kaplan 1988). 
 
Hypertension signifies elevated blood pressure, and its most recent WHO definition 
defines its lower limits as 140 mmHg systolic blood pressure and 90 mmHg diastolic 
blood pressure (Guidelines Subcommittee of WHO 1999). This definition is based on 
the relationship between blood pressure level and risk for cardiovascular events. 
 
2.2.2. Physical activity and hypertension or blood pressure 
 
2.2.2.1. Observational studies 
 
A large number of observational studies addressing physical activity and hypertension 
or blood pressure have been conducted starting from the middle of the 20th century. 
In women, the first reports appeared as late as in the beginning of the 1980s. Most 
have revealed an inverse relationship between leisure-time physical activity and blood 
pressure levels or risk for hypertension both in men and in women. About half the 
studies controlled at least for age and body mass index. While the association was 
sometimes lost when adjusting for confounding factors, still more than half the studies 
reported a significant association between physical activity and blood pressure or risk 
for hypertension. Reduction in hypertension risk among the physically active has been 
on the order of 30%. The methods by which physical activity has been assessed vary, 
however, very much between studies (Tables 2-4), and most studies have not assessed 
aerobic, and anaerobic activity such as power and speed types, separately. Powell et 
al. (1987) found that the proportion of studies finding a significant association 
between physical activity and coronary heart disease depended on the quality of the 
tools for physical activity measurements. As this quality increased from unsatisfactory 
(40% of all studies) to satisfactory (40%) and good (20%), the proportion revealing an 
association increased from 50% to 78% and 88%.  
 
To the best of my knowledge, no epidemiologic studies have compared low-intensity 
exercise with high-intensity exercise, but some studies have assessed risk for 
hypertension in those engaged in vigorous physical activity compared with those not 
engaged. In men, engagement in vigorous activity has been associated with low risk 
for hypertension (Paffenbarger et al. 1983, 1991, MacAuley et al. 1996, Haapanen et 
al. 1997b, Mensink et al. 1997, Pereira et al. 1999), while no association has been 
reported in women (Haapanen et al. 1997b, Mensink et al. 1997). Additionally, in 
regards to men, in those studies adjusting engagement in vigorous activity for total 
activity volume, vigorous activity lost its importance, while total volume was still 
associated with low risk for hypertension (Haapanen et al. 1997b, Mensink et al. 
 13
Review of the Literature 
1997). As for volume of activity, very little data exist on any possible dose-response 
relationship. 
 
In adolescents, little evidence exists for an association between physical activity early 
in life and a beneficial cardiovascular risk factor profile then or in adulthood (Aaron 
and LaPorte 1997, Twisk 2001, Twisk et al. 2002a). In four European cohort studies 
(Twisk et al. 2002b, Boreham et al. 2002, Hasselstrøm et al. 2002, Lefevre et al. 
2002), physical activity was assessed at 12 to 19 years of age, and then, in each study, 
blood pressure was measured at ages 20 to 40 in the same subjects. Those studies 
found no association between physical activity in youth and low blood pressure in 
adulthood. One study (Barnekow-Bergkvist et al. 2001) did find a relationship 
between a positive attitude to aerobic exercise in adolescence and decreased risk for 
high systolic blood pressure in adulthood, 18 years later, but no diastolic pressure was 
reported. Leisure-time sports activity in adolescence was, however, not associated 
with low risk. One reason for discovering no association between physical activity in 
youth and a beneficial cardiovascular risk profile in adulthood may be difficulties in 
measuring physical activity (Twisk et al. 2002c). 
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Table 2 Observational studies on association between leisure-time physical activity and blood pressure or hypertension in men. All associations significant, p<0.05, unless 
otherwise stated. 
First author Year Subjects Age at 
baseline 
(years) 
Design   Result Adjusted
for 
Lange 
Andersen 
1956 377 athletes and 652 
controls; Norwegians 
20 to >40 Cross-
sectional 
SBP and DBP lower in athletes than controls: in normal-weight men aged 20-29 
133/83 vs. 136/89 mmHg 
- 
Raab 1965 200 American men Mean 
42.7 
Cross-
sectional 
No significant differences in SBP or DBP in physically active and inactive - 
Doan 1966 225 American men >35 Cross-
sectional 
No differences in SBP or DBP between most and least active members of YMCA 
with ‘physical membership’, allowing use of exercise facilities 
- 
Pyörälä 1967 61 former endurance 
athletes and 54 
controls; Finns 
41-78 
 
  
    
       
Cross-
sectional 
SBP and DBP lower in former athletes than in controls: 137/87 vs. 147/92 mmHg - 
Saltin 1968 29 former and 33 still 
active endurance 
athletes 
44-67 Cross-
sectional 
SBP non-significantly higher in still active than in former athletes; no difference in 
DBP 
Age 
Montoye 1972 1 361 Caucasian men 16 to >65 Cross-
sectional 
No association between LTPA and SBP or DBP - 
Berglund 1974 493 Swedish men 
with SBP 160-175, 
DBP 95-115 mmHg 
47-55 Follow-up,
2 years 
Non-significant trend for low LTPA as being associated with increased blood 
pressure or medication for hypertension at follow-up 
- 
Berglund 1975 7 263 Swedish men 47-54 Cross-
sectional 
No association between LTPA and SBP or DBP; more antihypertensive medication 
in those with low PA at work or during leisure time 
- 
Hickey 1975 15 171 Irish men 25-74 Cross-
sectional 
SBP and DBP lower in subjects with heavy LTPA than in those with minimal 
LTPA: 125/80 vs. 138/85 mmHg 
- 
Fardy 1976 350 former
competitive athletes 
and 156 controls; 
Americans 
27-74 Cross-
sectional 
No difference in SBP or DBP between former athletes and controls - 
Aromaa 1981 14 326 Finnish men 30-59 Cross-
sectional 
No association between LTPA and SBP or DBP - 
Arkwright 1982 499 Caucasian men 20-45 Cross-
sectional 
No association between LTPA and SBP or DBP Several 
variables 
 
 Paffenbarger 1983 14 998 American 
men 
35-74  
    
   
  
 
Follow-up,
6-10 years 
No vigorous sports play associated with high risk for hypertension (RR 1.35); in 
analyses stratified for BMI, this increase in risk is evident only in overweight 
subjects (BMI >25.3); low energy expenditure (<2000 kcal/week) associated with 
high risk (RR 1.30) 
Age 
Lehmann 1984 810 German
sportsmen 
14-69 Cross-
sectional 
Higher incidence of hypertension (measured BP) in weight lifters and swimmers 
than in endurance athletes and ball-game players 
Age 
Folsom 1985 738 Caucasian men 25-74 Cross-
sectional 
No association between LTPA and SBP or DBP Age 
Svedenhag 1986 10 long-distance
runners and 10 
untrained men; 
Swedes 
Mean 
35.2 
Cross-
sectional 
DBP lower in runners than in untrained: 76 vs. 84 mmHg; no difference in SBP - 
Cederholm 1986 371 Swedish men 47-54 Cross-
sectional 
Lower SBP and DBP in men with high LTPA than in those with low LTPA: 
134/84 vs. 131/82 mmHg; trend for association between LTPA and prevalence of 
hypertension (significant with sexes combined) 
- 
Jenner 1988 340 Australian men 20-45 Follow-up, 
6 years 
Increased or sustained involvement in sport during follow-up associated with low 
increases in SBP and DBP during follow-up; for SBP, association persisted after 
adjustments 
Several 
variables 
Slattery 1988 330 men; Americans 22-66 Cross-
sectional 
No association between LTPA and SBP or DBP Age 
Paffenbarger 1991 5 463 men; 
Americans 
40-54 Follow-up,
14 years 
Men engaged habitually in vigorous sports play at 19-29% less risk for 
hypertension than men with no sports play; student sports play not associated with 
risk in middle age 
Age 
Klesges 1991 221 Caucasian men 23-52 Cross-
sectional 
No association between LTPA and SBP or DBP - 
Ainsworth 1991 655 black men; 
Americans 
25-50 Cross-
sectional 
Sedentary behaviour not associated with prevalence of hypertension Several 
variables 
Joffres 1992 10 104 Canadian men 18-74 Cross-
sectional 
Sedentary lifestyle more prevalent in hypertensives than normotensives: 42 vs. 
37% 
Age 
Burke 1992 505 Australian men 60-87 Cross-
sectional 
High LTPA associated with low SBP and DBP Several 
variables 
Young 1993 380 American men 18-74 Follow-up, 
5 years 
No association between change in LTPA and change in SBP - 
Staessen 1994 405 Belgian men 20-84 Cross-
sectional 
High energy expenditure in sports associated with low DBP but not SBP: 1.5 
mmHg lower DBP in most active tenth than in least active tenth 
Several 
variables 
 
 Kujala 1994 1 282 former elite 
athletes (175 
endurance, 664 
mixed sports, 443 
power sports athletes) 
and 777 controls; 
Finns 
36-94 
 
 
 
  
Cross-
sectional 
Age-adjusted risk for hypertension lower in former endurance (OR 0.53) and 
mixed sports athletes (OR 0.72) than in controls; when adjusted also for BMI, non-
significant trend for low risk in endurance and mixed sports, and low risk in power 
sports (OR 0.70) 
Several 
variables 
MacAuley 1996 305 men from 
Northern Ireland 
16-74 Cross-
sectional 
High LTPA associated with low SBP and DBP unadjusted; adjusted, only past 
participation in sports associated with low DBP 
Several 
variables 
Haapanen 1997 731 Finnish men 19-63 Follow-up, 
10 years 
High risk for hypertension in subjects not engaged in vigorous activity (RR 1.56), 
or with low total energy expenditure (RR 1.73), age-adjusted; when further 
adjusted for BMI and diabetes, marginally non-significant 
Several 
variables 
Mensink 1997 5 943 German men 25-69 Cross-
sectional 
High volume of high intensity activities associated with low DBP but not SBP Several 
variables 
Masaki 1997 1 378 Japanese- 
American men 
60-82 Cross-
sectional 
No association between LTPA and SBP or DBP Several 
variables 
Pihl 1998 84 former endurance 
athletes (44 presently 
active, 40 inactive) 
and 84 controls (41 
active, 43 inactive); 
Estonians 
40-50 Cross-
sectional 
Lower SBP in active former athletes than in inactive athletes or inactive controls; 
lower DBP in active former athletes than in inactive athletes; higher DBP in 
inactive athletes than active controls 
- 
Williams 1998 5 915 endurance 
runners; Americans 
Mean 
45.7 
Cross-
sectional 
High number of km run per week associated with low risk for hypertension; no 
association when adjusted for times in 10 km running race 
Several 
variables 
Pereira 1999 2 912 white and 475 
black Americans 
45-64 Follow-up,
6 years 
High LTPA at baseline associated with low risk for hypertension during follow-up 
in white but not in black men 
Several 
variables 
Hayashi 1999 6 017 Japanese men 35-60 Follow-up, 
4 years 
Low risk for hypertension during follow-up with LTPA at least once a week 
compared with less (RR 0.70) 
Several 
variables 
Wareham 2000 334 British men 45-70 Cross-
sectional 
Association between high energy expenditure and low SBP and DBP: 132/80 vs. 
138/85 mmHg in highest vs. lowest energy expenditure group (adjusted for age and 
treatment); the association significant also after adjusting for BMI 
Several 
variables 
Carroll 2000 697 Caucasian men Mean 
46.9 
Cross-
sectional 
High LTPA associated with low SBP and DBP: 125/81 vs. 131/86 mmHg in 
highest vs. lowest LTPA group 
Age 
Katzmarzyk 2000 781 Canadian men 7-69 Follow-up, 
7 years 
No association between baseline LTPA and SBP or DBP at follow-up Several 
variables 
 
 Byberg 2001 898 Swedish men 46-50 
and 
67-71 
Cross-
sectional 
No association between LTPA at 50 or at 70 years of age Age and 
BMI 
Levenstein 2001 1 031 American men Adults Follow-up, 
20 years 
No association between LTPA at baseline and risk for hypertension during follow-
up 
Several 
variables 
Tsutsumi 2001 3 187 Japanese men 18-65 Cross-
sectional 
High LTPA associated with low prevalence of hypertension: LTPA coded 1-3, 
adjusted OR for hypertension per increasing class 0.87 
Several 
variables 
Sobngwi 2002 1 048 men from 
Cameroon 
20-60 Cross-
sectional 
In urban men, high LTPA associated with low SBP and DBP; in rural men, high 
LTPA associated with low SBP but not DBP 
- 
Hu 2004 8 302 Finnish men 25-64 Follow-up, 
11 years 
High physical activity (LTPA not separated) associated with low risk for 
hypertension (hazard ratio 0.59 for high level vs. low level of physical activity) 
Several 
variables 
SBP, systolic blood pressure; DBP, diastolic blood pressure; LTPA, leisure-time physical activity; PA, physical activity; BMI, body mass index; RR, risk ratio; BP, blood 
pressure; OR, odds ratio 
 
 
 Table 3 Observational studies on association between leisure-time physical activity (LTPA) and blood pressure or hypertension in women. All associations significant, 
p<0.05, unless otherwise stated. 
First author Year Subjects Age at 
baseline 
(years) 
Design   Result Adjusted
for 
Aromaa 1981 11 758 Finnish women 30-59 Cross-
sectional 
No association between LTPA and SBP or DBP - 
Folsom 1985 878 Caucasian women 25-74 Cross-
sectional 
High energy expenditure in heavy exercise associated with low SBP Age 
Cederholm 1986 436 Swedish women 47-54 Cross-
sectional 
No association between LTPA and SBP or DBP; trend for association between 
LTPA and prevalence of hypertension (significant with men and women combined) 
 
- 
Folsom 1990 2 126 Caucasian 
women 
55-69 
 
     
 
 
Follow-up,
2 years 
High level of LTPA associated with 30% reduction in risk for hypertension Age 
Reaven 1991 641 Caucasian women 50-89 Cross-
sectional 
Intensity of LTPA associated with SBP and DBP: 128/72 vs. 137/75 mmHg for 
high intensity LTPA vs. no LTPA groups 
Several 
variables 
Klesges 1991 221 Caucasian women 23-52 Cross-
sectional 
High LTPA associated with low SBP and DBP - 
Ainsworth 1991 1 096 black women 25-50 Cross-
sectional 
Sedentary behaviour associated with high prevalence of hypertension (OR 1.59) Several 
variables 
Joffres 1992 10 463 Canadian 
women 
18-74 Cross-
sectional 
Sedentary lifestyle more prevalent in hypertensives than in normotensives: 39 vs. 
34% 
Age 
Burke 1992 338 Australian women 60-87 Cross-
sectional 
High LTPA associated with low SBP and DBP in women treated for hypertension 
but not in those untreated (including both normotensives and hypertensives) 
Several 
variables 
Young 1993 427 women 18-74 Follow-up,
5 years 
Change in LTPA inversely correlated with change in SBP in pre- but not in 
postmenopausal women 
- 
Staessen 1994 379 Belgian women 20-84 Cross-
sectional 
High energy expenditure in sports associated with low SBP and DBP: 2.4 and 1.8 
mmHg lower in most active tenth than in least active tenth 
Several 
variables 
Rauramaa 1995 127 Finnish women 60-69 Cross-
sectional 
Lower DBP in most active women than in least active women: 86 vs. 94 mmHg; 
non-significant trend for SBP 
BMI 
MacAuley 1996 299 women from 
Northern Ireland 
16-74 Cross-
sectional 
High LTPA associated with low SBP and DBP unadjusted; no association when 
adjusted 
Several 
variables 
Bijnen 1996 934 Finnish, Italian and 
Dutch men 
69-90 Cross-
sectional 
No association between LTPA and SBP or DBP, nor between LTPA and 
prevalence of hypertension 
Several 
variables 
Haapanen 1997 796 Finnish women 19-63 Follow-up, 
10 years 
No association between LTPA and risk for hypertension Several 
variables 
 
 Mensink 1997 6 039 German women 25-69 Cross-
sectional 
High volume of high-intensity activities associated with low SBP but not DBP Several 
variables 
Stevenson 1997 18 active distance 
runners and 34 
sedentary controls; 
Caucasians 
49-70 
 
  
  
  
 
Cross-
sectional 
Trend for lower DBP values in runners than in controls; no difference in SBP - 
Pihl 1998 63 former endurance 
athletes (34 presently 
active, 29 inactive) and 
84 controls (39 active, 
45 inactive); Estonians 
40-50 Cross-
sectional 
Lower SBP in active former athletes and active controls than in inactive controls; 
lower SBP in inactive former athletes than in inactive controls; no differences in 
DBP 
- 
Williams 1998 1 449 endurance 
runners; Americans 
Mean 
40.6 
Cross-
sectional 
No association between number of km run per week and SBP or DBP Several 
variables 
Pereira 1999 3 339 white and 713 
black Americans 
45-64 Follow-up,
6 years 
No association between LTPA and risk for hypertension Several 
variables 
Wareham 2000 441 British women 45-70 Cross-
sectional 
Association between high energy expenditure and low SBP and DBP: 121/72 vs. 
132/78 mmHg in highest vs. lowest energy-expenditure group (adjusted for age and 
treatment; the association significant also after adjusting for BMI 
Several 
variables 
Amigoni 2000 22 919 Italian women 44-66 Cross-
sectional 
Low risk for hypertension in women with high LTPA compared with low LTPA 
(OR 0.7) 
Several 
variables 
Katzmarzyk 2000 722 Canadian women 7-69 Follow-up, 
7 years 
High LTPA at baseline associated with low SBP and DBP at follow-up Several 
variables 
Levenstein 2001 1 326 American 
women 
Adults Follow-up,
20 years 
High LTPA at baseline associated with low risk for hypertension during follow-up Several 
variables 
Räikkönen 2001 490 white and 48 black 
Americans 
42-50 Follow-up,
1-14 years 
High LTPA at baseline associated with low risk for hypertension during follow-up; 
significance lost when adjusted for multiple variables 
Several 
variables 
Tsutsumi 2001 3 400 Japanese women 18-65 Cross-
sectional 
High LTPA marginally non-significantly associated with low risk for hypertension Age 
Sobngwi 2002 1 417 women from 
Cameroon 
20-58 Cross-
sectional 
No association between LTPA and SBP or DBP - 
Hu 2004 9 139 Finnish women 25-64 Follow-up, 
11 years 
High physical activity (LTPA not separated) associated with low risk for 
hypertension (hazard ratio 0.72 for high vs. low level of physical activity) 
 
LTPA, leisure-time physical activity; SBP, systolic blood pressure; DBP, diastolic blood pressure; OR, odds ratio 
 
 
 Table 4 Observational studies on association between leisure-time physical activity (LTPA) and blood pressure or hypertension. Analyses in men and women not separated. 
All associations significant, p<0.05, unless otherwise stated. 
First author Year Subjects Age at 
baseline 
(years) 
Design   Result Adjusted
for 
Moore 1990 3 019 men and 3 698 
women; Americans 
>18 Cross-
sectional 
High LTPA associated with low DBP but not SBP - 
Yang 1996 479 Taiwanese men 
and women 
>20 
  
 
 
 
Cross-
sectional 
High LTPA associated with low risk for hypertension Several 
variables 
Davidson 2000 870 white men, 936 
white women, 633 
black men and 904 
black women; 
Americans 
23-35 Follow-up,
5 years 
High risk for hypertension during follow-up for physically inactive at baseline in 
black (OR 1.73) but not in white subjects 
Several 
variables 
Bassett 2002 6 436 white, 4 244 
black and 4 219 
Hispanic Americans 
18 to >80 Cross-
sectional 
High LTPA associated with low risk for hypertension in whites and blacks, but not 
in Hispanics; OR for subjects exercising moderately or vigorously: 0.73 for whites 
and 0.73 (marginally non-significant) for blacks compared with subjects with no 
LTPA 
Several 
variables 
Jenei 2002 19 961 Hungarians 30-65 Cross-
sectional 
Low LTPA associated with high risk for hypertension: OR 1.26 for low LTPA 
compared with high LTPA 
Several 
variables 
Fuentes 2002 167 men and 288 
women; Finns 
35-55 Cross-
sectional 
High LTPA associated with low DBP, but not SBP; the association was lost when 
adjusted for multiple variables 
Several 
variables 
Fang 2003 9 790 white and black 
American men and 
women 
25-55 Cross-
sectional 
Prevalence of self-reported hypertension or BP ≥160/95 mmHg 56%, 46%, and 
45% in groups with much, moderate, and little or no recreational exercise by self-
assessment 
- 
Felmeden 2003 198 men and 36 
women with 
hypertension, and 46 
men and 14 women 
who were healthy, 
mostly white; British 
40-80 Cross-
sectional 
Low LTPA associated with low DBP but not SBP among hypertensives; no 
difference in LTPA between hypertensives and normotensives 
- 
Franks 2004 295 men and 392 
women; British 
Mean 57 Cross-
sectional 
Physical activity energy expenditure inversely related to SBP and DBP Several 
variables 
LTPA, leisure-time physical activity; DBP, diastolic blood pressure; SBP, systolic blood pressure; OR, odds ratio; BP, blood pressure
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2.2.2.2. Intervention studies 
 
Aerobic physical activity lowers blood pressure in both normotensives and 
hypertensives: The training-induced net changes were on average -3.8/-2.6 mmHg for 
systolic/diastolic blood pressure. In trials where subgroups regarding hypertensive 
status were defined, the net changes averaged -4.0/-2.3 mmHg in normotensives and -
4.9/-3.7 mmHg in hypertensives, and these effects of aerobic exercise seem to be 
independent of change in body weight (Whelton et al. 2002). Exercise training-
induced reductions in blood pressure seem to be larger and more consistent in women 
than in men (-14.7/-10.7 mmHg in women vs. -8.7/-7.8 mmHg in men in absolute 
reductions) (Hagberg et al. 2000).  
 
A large variation appears between individuals in resting blood pressure response to 
exercise training. The response of systolic blood pressure is familially aggregated, the 
maximal heritability as being 18%, whereas the response of diastolic pressure is 
reported not to be heritable but environmentally determined (Rice et al. 2002). Nitric 
oxide synthase 3 (NOS3) (Kimura et al. 2003), angiotensin I-converting enzyme 
(ACE) (Hagberg et al. 1999, Zhang et al. 2002), and angiotensinogen M235T 
(Rauramaa et al. 2002) polymorphisms have been suggested to explain part of this 
variation and heritability. 
 
Interestingly, weekly frequency (3-5 sessions per week), time per session (30-60 min 
per session), exercise intensity (40-70% of net maximal exercise performance) or total 
net energy expenditure per week do not seem to be related to the magnitude of the 
changes in blood pressure (Fagard 2001, Whelton et al. 2002), indicating that it is not 
important how one exercises as long as one does exercise. However, seven sessions 
per week may elicit a slightly larger decrease in blood pressure than three sessions per 
week (Jennings et al. 1986, Nelson et al. 1986, Fagard 2001). One problem in 
establishing the dose response between physical activity and reduction in blood 
pressure is the lack of knowledge of cellular and subcellular mechanisms of the effect 
(Haskell 2001). 
 
Several short sessions of physical activity per day, that is, fractionization of exercise, 
seem to be as effective as one long session in improving cardiorespiratory fitness or 
postprandial plasma triglyceride concentrations (Hardman 2001). Although reports 
are lacking as to fractionization of exercise as a treatment for hypertension, 
cardiorespiratory fitness is assumed to be a health outcome because of lower 
cardiovascular and all-cause mortality in men and women with higher levels of fitness 
(Blair et al. 1996, Hardman 2001). 
 
2.2.2.3. Mechanisms by which training reduces blood pressure 
 
The mechanisms of the training-induced blood pressure changes are largely unknown 
(Fagard 1999). Blood pressure is the product of cardiac output and total peripheral 
resistance (Kaplan 1988), and both a reduction in systemic vascular resistance and a 
decrease in cardiac output have been suggested as being behind the reduction in blood 
pressure.  
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With training, a decrease in total peripheral resistance and an increase in cardiac 
output at rest, with the sum effect of decreased blood pressure, have been found in 
many studies. In these studies, the plasma noradrenaline concentration and 
noradrenaline spillover rate into plasma (an index of sympathetic activity) plus total 
peripheral resistance, and thus blood pressure, dropped with endurance training 
(Jennings et al. 1986, Nelson et al. 1986, Hagberg et al. 1989, Meredith et al. 1990, 
1991). Peripheral resistance, and thus blood pressure, had, however, already 
decreased after 2 weeks of exercise, whereas plasma noradrenaline concentration 
decreased after 4 weeks of exercise, indicating that the initial fall in blood pressure 
may not be due to a reduction in sympathetic activity (Meredith et al. 1990). The 
reduction in noradrenaline spillover rate was predominantly renal; there occurred no 
reduction in cardiac spillover (Meredith et al. 1991). The increase in renal vascular 
conductance constituted, however, only a fraction of the increase in total peripheral 
resistance, indicating that other effects of inhibition of renal sympathetic activity such 
as decreased release of renin may be important (Meredith et al. 1991). Moreover, 
urinary noradrenaline output in one observational study was lower in exercisers than 
in nonexercisers (Palatini et al. 1994). Results on the effects of endurance training on 
plasma levels of renin and angiotensin II, and on plasma or urinary aldosterone are 
inconsistent (Fagard 1995). 
 
There are, however, also several studies reporting a fall in cardiac output at rest 
(Kinoshita et al. 1988, Seals and Reiling 1991, Hagberg et al. 1989). In those studies 
where plasma noradrenaline was measured (Kinoshita et al. 1988, Hagberg et al. 
1989), its concentration decreased. Haemodynamic data are conflicting, perhaps due 
to differing methods and problems with non-invasive measurement of cardiac output 
(Fagard and Tipton 1994). 
 
Exercise training induces a systemic increase in peak limb vascular conductance, 
meaning that when one limb is trained and the other is untrained, conductance 
increases in both trained and untrained limbs (Martin et al. 1991, Kingwell et al. 
1997, Tanaka et al. 1998). Peak limb vascular conductance correlates with the media : 
lumen ratio of arterial resistance vessels (Agabiti Rosei et al. 1995), a ratio known to 
be associated with hypertension (Folkow 1995), but is also strongly influenced by 
endothelial function (Tanaka et al. 1998, Higashi et al. 1999a). Training restores the 
endothelial function (Higashi et al. 1999a) which is impaired in hypertension (Linder 
et al. 1990, Panza et al. 1990). Endurance athletes also have better endothelial 
function than do their sedentary controls (Kingwell et al. 1996). Endothelial function 
is improved with training through an increased release of nitric oxide (Higashi et al. 
1999b). In intervention studies, a reduction in resting blood pressure appeared 
together with improved endothelial function (Kingwell et al. 1997, Tanaka et al. 1998, 
Higashi et al. 1999a, Higashi et al. 1999b). 
 
Training induces structural adaptations in the arterial vascular system. The diameter 
of the femoral artery has been found to be larger, with a higher distensibility, in well-
trained cyclists than in sedentary controls, but no significant difference in blood 
pressure appeared between these two groups (Kool et al. 1992). Hammer throwers 
have larger radial arteries, with a higher compliance, in the more highly trained arm 
than in the contralateral arm, or in the arms of sedentary controls (Giannattasio et al 
1992). Long-distance runners and professional cyclists have larger great and medium 
 23
Review of the Literature 
 
caliber arterial and venous vessels than do controls (Zeppilli et al. 1995). Further, 
endurance-orientated unilateral training leads to a considerable increase in capillary 
density of the trained muscle groups over that of the corresponding contralateral 
muscle groups (Saltin 1985). Hypertensives have a lower capillary density than do 
normotensives (Henrich et al. 1988, Hedman et al. 2000) and the increase in blood 
pressure from 50 to 70 years of age has been strongly inversely associated with 
capillary density (Hedman et al. 2000).  
 
Finally, blood volume expansion resulting from exercise training, found to be around 
7% in training studies and from 20 to 25% in highly trained athletes (Convertino 
1991), is sufficient to cause an elevated discharge from low-pressure baroreceptors in 
the right atrium (O’Sullivan 2000), which leads to withdrawal of sympathetic 
vasomotor tone (Tanaka et al. 1999) and thus a lowering of total peripheral resistance 
and decreased blood pressure at rest (Kaplan 1988, O’Sullivan 2000). There also exist 
findings that plasma volume is decreased in hypertensive patients along with a 
decrease in blood pressure, without any change in urinary sodium excretion (Urata et 
al. 1987, Kinoshita et al. 1988). 
 
2.2.2.4. Postexercise hypotension 
 
Blood pressure acutely decreases immediately after a single bout of aerobic exercise 
lasting 30 to 60 minutes at intensities greater than 40% of maximal aerobic capacity 
(Kenney and Seals 1993, Halliwill 2001). The pressure reductions have been on 
average 6 to 11 mmHg in systolic and 4 to 9 mmHg in diastolic pressure, being more 
marked in hypertensives than in normotensives (Kenney and Seals 1993), whereas the 
mean change in blood pressure after acute exercise was -2.1/-0.3 mmHg by 
ambulatory measurements (Thompson et al. 2001). Sedentary and endurance-trained 
subjects exhibit similar degrees of blood pressure reductions (Senitko et al. 2002). 
The effect persists from 2 to 4 hours up to 13 hours after exercise, and seems to be 
longer among hypertensives than among normotensives (Pescatello et al. 1991, 
Kenney and Seals 1993). The effect is due to a drop in systemic vascular resistance 
during exercise, which is not restored to normal level as rapidly as is the exercise-
induced increase in cardiac output. This is achieved by reduced activity of the 
sympathetic nervous system and impaired vascular responsiveness to α-adrenergic 
receptor stimulation, possibly through increased production of nitric oxide (Halliwill 
2001). In endurance-trained men, however, postexercise hypotension has been the 
result of reduced cardiac output with vasodilation absent (Senitko et al. 2002). The 
extent to which chronic pressure-lowering effects of aerobic exercise reflect a 
carryover of the acute effects of exercise is unknown (Halliwill 2001). 
 
2.2.2.5. Occupational physical activity 
 
The relation between physical activity and blood pressure was first usually studied 
with regard to occupational physical activity, and heavy physical activity at work was, 
in men, associated with low blood pressure (Humerfelt and Wedervang 1957, Miall 
and Oldham 1958) and with low prevalence of hypertension (Morris 1959). Later 
studies have generally found no association between occupational physical activity 
and blood pressure (Klesges et al. 1991, Stender et al. 1993, Staessen et al. 1994) or 
risk for hypertension (Cederholm and Wibell 1986, Pereira et al. 1999, Felmeden et 
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al. 2003) in men or in women. One study (Xu et al. 1997) reports an inverse 
association between work exertion and blood pressure in rural Chinese women but not 
in men, and one study (Sobngwi et al. 2002) reports occupational activity as being 
inversely associated with blood pressure in rural men in Cameroon, but not in the 
women or in urban men. 
 
2.2.2.6. Fitness 
 
Physical activity is difficult to quantify objectively. Maximal physical working 
capacity (aerobic or endurance fitness) can be assessed with a higher precision than 
can physical activity, and has been used as a marker for physical activity 
(Paffenbarger et al. 1993, Blair and Brodney 1999). There is, however, considerable 
heterogeneity and familial aggregation in the responsiveness of fitness to regular 
physical activity (Bouchard and Rankinen 2001). Fitness is in part determined by 
genetic factors, and furthermore, measurement of fitness is expensive and logistically 
complicated to perform in epidemiological studies (Paffenbarger et al. 1993, Blair and 
Brodney 1999).  
 
High-level physical fitness is associated with low systolic and diastolic blood pressure 
in both men (Gyntelberg and Meyer 1974, Cooper et al. 1976, Hartung et al. 1990) 
and women (Gibbons et al. 1983, Hartung et al. 1990). High-level fitness has also 
been able to predict low risk for hypertension in men and women (Blair et al. 1984). 
In one questionnaire study, Williams (1998) found an association between high 
endurance performance, measured as a respondent’s best time in a 10-km foot-race 
during the previous 5 years, and low blood pressure. Endurance performance was also 
more strongly associated with risk for hypertension than was volume of physical 
activity, measured as weekly running distance. 
 
2.2.3. Other environmental risk factors for hypertension 
 
Overweight and obesity 
Overweight is strongly associated with hypertension (Stamler et al. 1978, Havlik et al. 
1983), and is an important predictor of hypertension (Paffenbarger et al. 1983). 
Weight gain predicts, independently of baseline weight, risk for hypertension 
(Paffenbarger et al. 1983, Ashley et al. 1974). Weight loss is, in fact, an effective 
treatment for hypertension (Andrews et al. 1982). 
 
It has been suggested that obesity leads to hypertension via an increase in activity of 
the sympathetic nervous system (Rumantir et al. 1999, Esler 2000), an increase 
known to be associated with hypertension (Mancia 1997, Esler 2000). There are, 
however, also indications for hypertension’s inducing obesity through increased 
sympathetic activity and downregulation of β-adrenergic receptors, making it difficult 
for hypertensives to lose weight (Julius et al. 2000). Other mechanisms through which 
obesity may lead to hypertension include insulin resistance (Rocchini et al. 1989), 
increased activity of the renin-angiotensin system (Tuck et al. 1981), and a 
pathologically low variability in cortisol secretion, including high stress-related 
secretion (Rosmond et al. 1998, Rosmond et al. 2000). All of these mechanisms can 
lead to increased sodium and fluid retention and thus to increased blood pressure 
(Rocchini 2002). 
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Diet 
High salt intake, assessed as 24-hour urinary sodium excretion, is associated with 
high blood pressure both in individuals (Frost et al. 1991, Elliot et al. 1996) and in 
populations (Law et al. 1991, Elliot et al. 1996). Moreover, in a Chinese population 
living relatively isolated, who consume a diet low in sodium content, hypertension is 
virtually absent. Migration to urban areas, and a change in diet to a higher content of 
sodium leads, however, to an increase in blood pressure with age, and an increase in 
prevalence of hypertension (He et al. 1991). Further, a reduced dietary sodium intake 
has been associated with reduction in blood pressure for both hypertensives and 
normotensives (Midgley et al. 1996, Cutler et al. 1997) 
 
Blood pressure does not increase in all individuals with increased ingestion of 
sodium. A gaussian distribution is evident in the blood pressure responses to changes 
in sodium intake, with hypertensives being, on average, more salt sensitive, i.e., more 
sensitive to an increase in salt intake, than are normotensive individuals (Weinberger 
et al. 1996). In young persons with hypertension, salt sensitivity is less common than 
in those older (Weinberger et al. 1996, Midgley et al. 1996). Obese individuals are 
more salt sensitive than nonobese ones, and loss of weight reduced their salt 
sensitivity (Rocchini et al. 1989). 
 
Salt-sensitive hypertension has been proposed to develop via microvascular and 
tubulointerstitial injury in the kidneys, causing a rightward shift in the pressure-
natriuresis curve (Guyton et al. 1972, Cowley et al. 1996), leading to the higher blood 
pressure needed to excrete a given amount of sodium, and this leads to hypertension 
in the presence of a high intake of salt (Johnson et al. 2002a). Other hypotheses 
include: an abnormal renin-angiotensin-aldosterone system in which abnormally low 
levels of renin and aldosterone accompany low sodium intake, low levels of atrial 
natriuretic factor after a high salt intake, abnormalities in ion transport, and 
hyperinsulinemia; all these four cause retention of sodium and water on a high sodium 
diet (Haddy et al. 1995, Weinberger et al. 1996). Sodium retention in turn leads to 
production of Na+-K+-ATPase inhibitors, ouabain-like substances that elevate 
intracellular calcium, stimulating heart contractility and arteriolar vasoconstriction, 
and thus increasing peripheral vascular resistance (Blaustein et al. 1991, Haddy et al. 
1995, Johnson et al 2002b). 
 
Potassium intake is negatively correlated with blood pressure, and potassium 
supplementation is associated with a decrease in blood pressure (Intersalt Co-
operative Research Group 1988). Its effects are enhanced when a simultaneous high 
intake of sodium occurs (Whelton et al. 1997). The effect of potassium is suggested to 
be due to natriuresis, to increased urinary kallikrein, and to vasodilation via 
stimulation of Na+-K+-ATPase in vascular smooth muscle cells and adrenergic nerve 
terminals (Haddy et al. 1995). Calcium supplementation lowers systolic, but not 
diastolic, blood pressure, but the effect is too small to support a recommendation for 
calcium supplementation (Allender et al. 1996). Magnesium supplementation does not 
result in significant blood pressure reductions (Trials of Hypertension Prevention 
Collaborative Research Group 1992, He et al. 1997). 
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There are some indications of a beneficial effect of omega-3-polyunsaturated fatty 
acids, dietary fibres, and protein on blood pressure, but more and better studies are 
needed (He et al. 1997). 
 
Alcohol 
A positive relation between alcohol consumption and blood pressure has been 
apparent both cross-sectionally (MacMahon 1987, Intersalt Co-operative Research 
Group 1988, Marmot et al. 1994, Stamler et al 1997) and prospectively (Stamler et al. 
2002, Thadhani et al. 2002). There exists some evidence of a threshold in the 
relationship between alcohol intake and blood pressure. The large Intersalt study 
(Marmot et al. 1994) found a weak relation at levels below 300 ml/week, 
corresponding to about 34 g alcohol per day, the equivalent of three or four drinks, 
and a strong relation at a higher intake. Other studies have found conflicting results 
regarding this threshold (Klatsky et al. 1977, Dyer et al. 1977). For women, more 
evidence suggests a threshold at about 1.5 drinks per day (Thadhani et al. 2002). 
Reduction in alcohol consumption is associated with reduction in blood pressure, a 
relationship found to be dose-dependent (Xin et al. 2001). 
 
Both direct alcohol-mediated and withdrawal effects have been considered 
responsible for elevated blood pressure (Saunders et al 1981, Potter et al 1984, Abe et 
al. 1994, Rosito et al. 1999). A single drink has a blood pressure-lowering effect, 
while repeated intake results in increased blood pressure (Abe et al. 1994). Alcohol 
enhances sympathetic nervous activity and thus raises blood pressure, but 
dexamethasone suppresses this effect (Randin et al. 1995). High plasma renin and 
plasma cortisol levels, as well as increased vasoconstrictor sensitivity of the blood 
vessels have been suggested to be elevated with alcohol intake (MacMahon 1987). 
 
Insulin resistance 
Hypertension is associated with insulin resistance independently of obesity 
(Ferrannini et al. 1987, Pollare et al. 1990, Ferrannini et al 1997), with hypertension 
approximately twice as frequent in patients with type II diabetes as in persons without 
it (Sowers et al. 2001). A causal relationship between insulin resistance and 
hypertension is likely. This hypothesis is supported by several types of studies. The 
prevalence of insulin resistance is not higher in patients with secondary forms of 
hypertension (Marigliano et al. 1990, Shamiss et al. 1992). Moreover, plasma insulin 
concentrations, fasting and after intravenous glucose, are independent predictors of 
the development of hypertension (Skarfors et al. 1991, Lissner et al. 1992). Only 
about half the hypertensives are, however, insulin resistant (Ferrannini et al. 1987, 
Zavaroni et al. 1992), which may in part explain why several population studies have 
found no association between insulin resistance and hypertension (Reaven 2003). 
 
In insulin-resistant subjects, the endothelium-dependent vasodilation mediated by 
nitric oxide and normally induced by insulin is lost (Steinberg et al. 1996). Insulin can 
also enhance renal sodium retention by its direct effects on renal tubules and by its 
stimulation of the sympathetic nervous system (Rocchini et al. 2002, Imazu 2002).   
Moreover, angiotensin II seems to play a key role in the association between 
hypertension and insulin resistance: It inhibits insulin signalling, resulting in 
inhibition of the vasodilation and glucose-transport properties of insulin and may also 
increase myosin light-chain activation, leading to vasoconstriction (Sowers 2004).  
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Socioeconomic factors 
Working-class populations have shown a high prevalence of hypertension (Lang et al. 
1997, de Gaudemaris et al. 2002). A low educational level is also associated with 
increased prevalence of hypertension (The HDFP Cooperative Group 1977, Dyer et 
al. 1976, Hoeymans et al. 1996), this relationship possibly as being more pronounced 
in women than in men (Haglund 1985, van Rossum et al. 2000). A low education and 
socioeconomic status are also prospectively associated with increased incidence of 
hypertension (Keil et al. 1981). Use of alcohol and obesity are related to 
socioeconomic factors (Niedhammer et al. 1998, Wamala et al. 1997, de Gaudemaris 
et al. 2002), and may be considered as being mediating factors between social 
inequalities and hypertension (Hoeymans et al. 1996, de Gaudemaris et al. 2002). 
 
2.2.4. Inherited factors and hypertension 
 
Heritability of blood pressure and hypertension 
A large number of studies concerning genetic effects behind systolic and diastolic 
blood pressure demonstrate that blood pressure is in part determined genetically 
(Fagard et al. 1995, Luft 2001). The strongest evidence for this hypothesis comes 
from twin studies (Slattery et al. 1988, Hunt et al. 1989, Hong et al. 1994, Fagard et 
al. 1995, Snieder et al. 2000, Vinck et al. 2001, Iliadou et al. 2002, Evans et al. 2003). 
The hypothesis is also supported by studies on adopted children (Biron et al. 1976, 
Mongeau et al. 1986, Rice et al. 1989, Iliadou et al. 2002) and by family studies (Hunt 
et al. 1989, Schork et al. 1994, An et al. 1999, Livshits et al. 2001). Estimates of the 
proportion of variation in blood pressure explained by genes show wide variation, 
ranging from 15 to 66% (Table 5). One large (4 307 MZ pairs and 9 581 DZ pairs) 
twin study (Koskenvuo et al. 1992) investigated heritability of incident hypertension 
during 10 to 12 years of follow-up; heritability of hypertension was 50% for those 
under 60, and 33% for those over 60. 
 
Table 5 Studies on heritability of blood pressure 
First author Year Subjects Heritability estimate of blood 
pressure 
   Systolic Diastolic 
Mongeau 1986 756 adopted and 445 natural children, 
1176 parents 
61% 58% 
Slattery 1988 77 MZ pairs and 88 DZ pairs 60% 66% 
Rice 1989 1 560 individuals from 374 families; 
parents, twins, singletons, and adoptees 
16% 34% 
Hunt 1992 146 MZ and 162 DZ twins, 1 102 
adults in 67 pedigrees 
62% (twins) 
15% (pedigrees) 
65% (twins) 
25% (pedigrees) 
Hong 1994 289 twin pairs reared apart or together 44% 34% 
Schork 1994 5 376 subjects in 2 184 households 17% 13% 
Fagard 1995 26 MZ pairs and 27 DZ pairs 63% 55% 
An 1999 528 subjects in 98 families 54% 41% 
Snieder 2000 225 MZ and 594 DZ pairs 17% 22% 
Vinck 2001 150 MZ and 122 DZ pairs 49% 49% 
Livshits 2001 514 subjects in 135 families 51% 20% 
Iliadou 2002 106 MZ and 192 DZ pairs reared apart 
or together 
39-46% 38-63% 
Evans 2003 1 884 MZ pairs and 2 490 DZ pairs 44-66% 52-66% 
MZ, monozygotic; DZ, dizygotic 
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The large variation in these estimates may be due to random errors in single 
measurements or the white-coat effect on blood pressure measurement under clinical 
conditions (Fagard et al. 1995, Whitlock et al. 2001). Such effects on variation can be 
reduced by use of ambulatory blood pressure measurements, by which heritability 
estimates have been 49 to 63% for systolic and 49 to 55% for diastolic blood pressure 
during the awake daytime period (Fagard et al. 1995, Vinck et al. 2001). Age 
differences between the studies may also be responsible for this variation, but no firm 
evidence exists (Hunt et al. 1989, Vinck et al. 2001). In heritability estimations based 
on twins, it is assumed that environmental factors are independent of genetic 
relatedness. It has been suggested that monozygotic twins may share environments to 
a greater degree than do dizygotic twins, which may result in a closer blood pressure 
correlation between monozygotic twins, and thus an overestimation of genetic effects 
(Harrap 1994). Most studies do, however, support the equal environments assumption, 
i.e., that MZ and DZ twins share environments equally (Kendler et al. 1993, Maes et 
al. 1997, Kendler and Gardner 1998). 
 
Genes 
The argument whether hypertension is caused by one major gene or by the sum of a 
large number of genes involved in the determination of blood pressure began more 
than half a century ago. Platt (1947) proposed a major gene effect, while Pickering 
(1959) argued that blood pressure is a multigenic trait. Today, the consensus is that 
blood pressure is not inherited as a dichotomous categorization as hypertension and 
normotension, but as a continuous characteristic with familial factors operating at all 
levels of blood pressure (Harrap 1994, Luft 1998, Rutherford 2003). In all likelihood, 
the number of genes affecting blood pressure, and thus predisposing to hypertension, 
is large, and the effect of single genes is small (Luft 1998). There exist, however, rare 
monogenic forms of hypertension, for example, the glucocorticoid-remediable 
aldosteronism caused by a chimeric 11 β-hydroxylase/aldosterone synthase gene 
(Lifton et al. 1992) and Liddle’s syndrome, with a mutation in either the β- or the γ-
subunit of an epithelial sodium-channel gene (ENaC) (Shimkets et al. 1994, Hansson 
et al. 1995). These are autosomal dominant monogenic forms of human hypertension, 
whereas apparent mineralocorticoid excess can occur as an autosomal recessive 
disorder resulting from a mutated gene for 11 β-hydroxysteroid dehydrogenase (Mune 
et al. 1995). All identified monogenic forms of hypertension are results of mutated 
gene products acting in the kidney, altering net renal salt reabsorbation (Lifton et al. 
2001) 
 
The genes of the renin-angiotensin system have been widely studied in relation to 
hypertension (Smithies et al. 2000). Some examples of suggestive findings are as 
follows. Evidence exists for association and genetic linkage of the DD genotype of the 
angiotensin-converting enzyme (ACE) gene with hypertension and blood pressure in 
men but not in women (O’Donnell et al. 1998, Fornage et al. 1998, Stankovic et al. 
2002). A variant of the angiotensinogen gene, the M235T polymorphism, is, in some 
studies, associated with hypertension (Jeunemaitre et al. 1992, Staessen et al. 1999). 
The CC genotype of the angiotensin II type 1 receptor gene polymorphisms seems to 
be linked to hypertension, as well (Bonnardeaux et al. 1994, Hindorff et al. 2002, 
Stankovic et al. 2003). Polymorphisms in the β2-adrenergic receptor (Timmermann et 
al. 1998, Castellano et al. 2003) and in the G-protein β3-subunit (Siffert et al. 1998) 
genes have also been associated with hypertension, and α-adducin polymorphisms 
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with sodium sensitivity in hypertensives (Manunta et al. 1998). In recent years, 
genome-wide linkage scans have provided several suggestive linkages for 
hypertension that promise significant progress in knowledge of the genetic basis of 
hypertension (Samani 2003). However, despite the many published linkage studies, 
very few have been followed up with attempts to perform linkage disequilibrium 
mapping, positional cloning, or candidate gene association studies (Melander 2002). 
 
The fact that for most candidate genes, including the aforementioned genes, a lot of 
negative findings also exist, suggests that these single genes have, at most, very 
modest effects on blood pressure. This lack of reproducibility is an indication of the 
difficulties in genetic investigation of multifactorial traits. (Lifton et al. 2001) 
 
Furthermore, because of a complicated network of feedback mechanisms, gene-gene 
and gene-environment interactions may result in the same gene variant’s having an 
opposite effect on blood pressure in different environments. This puts very high 
demands, not entirely met today, on statistical methods in the search for candidate 
genes for hypertension (Barlassina et al. 2002). For example, polymorphisms in the α-
adducin and aldosterone synthase genes significantly affect the influence of DD, ID, 
and II ACE genotypes on blood pressure. In one study (Barlassina et al. 2000), the 
ACE genotypes did not influence blood pressure per se, but when α-adducin 
polymorphisms were taken into account, D alleles were associated with increase in 
blood pressure response to sodium infusion. Moreover, the increased incidence of 
hypertension with the ACE DD genotype, compared with ID and II, was, when α-
adducin and aldosterone synthase polymorphisms were taken into account, magnified 
from +31% to +250% (Staessen et al. 2001), whereas α-adducin and aldosterone 
synthase polymorphisms had little effect on risk for hypertension per se in that study. 
 
Muscle fibre type 
Muscle fibre-type proportion is mostly determined by genetic factors (Simoneau and 
Bouchard 1995). The percentage of type I muscle fibres and blood pressure are 
inversely correlated, and hypertensives have a lower type I fibre proportion than do 
normotensives (Juhlin-Dannfelt et al. 1979, Frisk-Holmberg et al. 1983). Both these 
reports found a correlation between mean arterial pressure and fibre-type distribution 
when examining hypertensives and normotensives separately. The results for the 
groups combined were, however, not reported. Correspondingly, Hedman et al. 
(2000) reported no correlation between blood pressure and fibre-type distribution in 
the whole study group, but in the hypertensive group alone, the proportions of type I 
and type II fibres were significantly related to mean arterial pressure. This result 
persisted also after controlling for obesity and physical activity. Muscle fibre 
proportion did not differ between hypertensives and normotensives in that study, nor 
in another study (Toft et al. 1999) that did not, however, examine the association 
between blood pressure measurements and fibre type. Krotkiewski et al. (1998) 
investigated obese women and found a strong inverse correlation between percentage 
of type I fibres and systolic and diastolic blood pressure. 
 
Type I fibre proportion is negatively correlated with vascular resistance in the leg 
(Juhlin-Dannfelt et al. 1979) and positively correlated with leg blood flow during 
exercise (Frisk-Holmberg et al. 1981). This may in part be the result of the fact that 
the number of capillaries surrounding type I fibres is higher than around type II fibres 
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(Andersen 1975, Krotkiewski et al. 1998). Whether this association is independent of 
leisure time physical activity is, however, unknown. Moreover, hypertensives have a 
lower capillary density than do normotensives (Henrich et al. 1988, Hedman et al. 
2000), and the increase in blood pressure from 50 to 70 years of age is strongly 
inversely associated with capillary density (Hedman et al. 2000).  
 
2.2.5. Hypertension as a risk factor 
 
Hypertension shortens life-expectancy (Tsevat et al. 1991, Kiiskinen et al. 1998). 
Life-expectancy was 2.7 years shorter among men with diastolic blood pressure >104 
mmHg than among men with diastolic pressure <95 mmHg. Of this, 2.0 years was due 
to cardiovascular mortality alone. In women, the differences were a respective 2.0 and 
1.5 years (Kiiskinen et al. 1998). All-cause, cardiovascular, and especially coronary 
heart disease, but not stroke, mortality rates are constantly higher with increased pulse 
pressure across all levels of mean blood pressure and all age groups (Benetos et al. 
1997). Of all atherosclerotic cardiovascular events, 35% may be attributable to 
hypertension (Kannel 1996). In recent years, it appears that systolic blood pressure is 
even more important as a predictor of risk for cardiovascular events than is diastolic 
pressure (Kannel 2000).  
 
Hypertension is the most important risk factor for stroke (Collins et al. 1990, 
MacMahon et al. 1990). A difference of 6 mmHg in diastolic blood pressure is 
associated with a 36% difference in the risk for stroke (MacMahon 1989). Most of the 
strokes in the hypertensive are atherosclerotic brain infarctions; and with increased 
severity of hypertension, the proportion of strokes due to brain infarction increases 
along with a decrease in the proportion due to subarachnoid haemorrhage and cerebral 
emboli, but the proportion due to intracerebral haemorrhage is unchanged (Kannel 
1996). 
 
High systolic and high diastolic blood pressures, as well as high pulse pressure, are 
risk factors for coronary heart disease (Franklin et al. 1999, Domanski et al. 2001). 
When analysed together, systolic blood pressure and pulse pressure positively 
associated with coronary heart disease risk, whereas diastolic pressure negatively 
associated with risk at any level of systolic pressure above 120 mmHg (Franklin et al. 
1999). Furthermore, hypertensive men have a 2-fold and women a 3-fold risk for 
developing congestive heart failure in 14 years compared with risks in normotensives, 
and hypertension accounts for 39% of heart failure cases in men and for 59% in 
women (Levy et al. 1996).  
 
Left ventricular hypertrophy occurs in 23 to 56% of hypertensives, whereas the 
occurrence among normotensives is less than 10% (Devereux 1987, Devereux et al. 
1987). An increase of 20 mmHg in blood pressure elevates risk for left ventricular 
hypertrophy by 43% in men and 25% in women (Levy et al. 1988).  
 
Hypertension causes renal disease; in Europe, the proportion of end-stage renal 
disease caused by hypertension is 13% (Valderrábano et al. 1998). Systolic blood 
pressure is an independent predictor of a decline in kidney function (Young et al. 
2002). 
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Interestingly, increases in pulse pressure have recently been associated with an 
elevated C-reactive protein level (Abramson et al. 2002) known to be a marker of 
future risk for coronary heart disease and myocardial infarction (Koenig et al. 1999, 
Ridker et al. 2000, Ridker 2001). 
 
In developed countries, one of the leading causes of visual impairment is hypertension 
(Hurcomb et al. 2001). Hypertensive retinopathy is the second most common retinal 
vascular disease after diabetic retinopathy (Marshall and Malinovsky 1998). The 
prevalence of retinopathy in the over-40 non-diabetic population was 11% in 
hypertensives and 6% in normotensives (Klein et al. 1993) 
 
A decrease in high blood pressure by medication reduces strokes by 38% and severe 
coronary events by 16% in 5 years (Collins and MacMahon 1994). Medication for 
isolated systolic hypertension reduces strokes by 30% and coronary events by 23% in 
4 years (Staessen et al. 2000). 
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3. AIMS OF THE STUDY 
 
The main aim of the present study was to investigate the nature of the association 
between leisure-time physical activity and occurrence of hypertension in athletes and 
in population-based, genetically informative cohorts of adult men and women in 
prospective and cross-sectional studies. 
 
Specifically, the following hypotheses were tested: 
 
1. Long-term very vigorous exercise in adulthood is associated with reduced future 
risk for hypertension in middle-aged and older men. 
 
2. Longitudinal changes in physical activity levels are associated with occurrence of 
hypertension. 
 
3. The genetic components of blood pressure and physical activity are correlated. 
 
4. A high proportion of type I muscle fibres predicts low blood pressure levels and 
accounts for the association between physical activity and low blood pressure 
levels. 
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4. MATERIALS AND METHODS 
 
Please refer to the original articles (I-V) and references for a more detailed description 
of the studies. Designs of the studies are summarized in Table 6. 
 
 
Table 6 Summary of designs of studies. Subjects were male unless otherwise stated. 
Study Population Design Number of 
subjects 
Baseline Follow-up Main outcome 
measure / 
Definition of 
incident cases 
I Athletes Follow-
up 
264 Ranking list in 1984 Questionnaire 
in 1995 
Prevalence of 
hypertension 
 Controls  388 Questionnaire and 
register data in 1985 
Questionnaire 
in 1995 
Prevalence of 
hypertension 
II Athletes and 
controls 
Follow-
up 
569 
athletes 
319 
controls 
Questionnaire and 
register data in 1985 
Questionnaire 
in 1995 
Incident cases: 
hypertensive in 
1995 but not in 
1985 
III Twins 
(no twin data 
analyses) 
Follow-
up 
3 931 men 
4 381 
women 
Questionnaires in 
1975 and 1981 
Questionnaire 
in 1990 
Incident cases: 
hypertensive in 
1990 but not in 
1981 
IV Twins Cross-
sectional 
71 MZ 
pairs 
104 DZ 
pairs 
Interview on lifetime 
physical activity 
Measurement 
in 
1997-1999 
Blood pressure 
V Healthy men Follow-
up 
64 Muscle fibre-type 
proportion in 1984 
Measurement 
in 2003 
Blood pressure 
 
4.1. Study populations 
 
Subjects in these studies originated from several sources; male top-level master 
orienteering runners (I), male athletes who represented Finland between 1920 and 
1965 in international competitions (II), controls, of similar ages as the athletes, 
selected from among Finnish men who at age 20 were healthy (I, II), the Finnish Twin 
Cohort (III, IV), and middle-aged men recruited from private companies in Helsinki 
and its surroundings (V). 
 
4.1.1. Master orienteers (I) 
 
Top-level master orienteering runners were chosen to represent subjects engaged in 
long-term vigorous exercise. Orienteers typically carry on competing as masters (35 
years and upwards). In Finland, master orienteers are ranked by competition results, 
and a high position in the ranking list is an indicator of years of intense endurance 
training. This consists mostly of running, often over rough terrain, and cross-country 
skiing during winter. The 60 top-ranked orienteers in each of the five classes: men 
aged 35 to 39 years, 40 to 44 years, 45 to 49 years, 50 to 54 years, and 55 to 59 years 
from the 1984 ranking list, were enrolled. These 300 orienteers represented 10% of all 
currently ranked orienteers in these classes.  
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A questionnaire was posted to the orienteers in 1995. Eight (2.7%) orienteers could 
not be contacted because of death or unknown address. The questionnaire was thus 
posted to 292 men, and 264 (90.4%) responded. 
 
4.1.2. Former elite athletes (II) 
 
Male athletes who represented Finland between 1920 and 1965 at least once in the 
Olympic Games, world or European championships, or other international 
competitions (athletic contests between 2 or 3 countries) were identified via multiple 
sources (Sarna et al. 1993). The full name, birthplace, and date of birth were traced 
for 98% of the athletes from selected sports. The original cohort of athletes comprised 
2 448 men. 
 
A questionnaire was posted to the athletes in 1985 and in 1995. Those who could not 
be contacted because of death or unknown address, or who did not respond to both of 
these questionnaires (n=1 617) were excluded. Response rates for the athletes 
contacted were 80 to 90% by sport in 1985 and 83% in 1995. Those aged over 65 in 
1985 were also excluded. Further, those classified as hypertensive (see below) in 
1985 (n=144; 17%) were excluded. The final sample comprised 569 athletes. 
 
The sports were grouped according to type of training needed to achieve maximal 
result, i.e., endurance sports and mixed sports (mixed sports including mostly team 
sports) (n=386) and power sports (n=183). The endurance and mixed sports were 
combined into one group in order to gain sufficient statistical power for the study.  
 
4.1.3. Controls (I, II) 
 
Controls were selected among Finnish men who at age 20 had been classified as 
completely healthy (military class AI, fully fit for ordinary military service) at the 
medical examination preceding their conscription. They were drawn from the public 
register archives of men eligible for military service and matched for birth cohort and 
area of residence with the athletes (Sarna et al. 1993). The original cohort of controls 
comprised 1 712 men.  
 
4.1.3.1. Special aspects of selection criteria for controls in Study I 
 
The control sample comprised all 495 men from the control cohort, aged 35 to 59 in 
1984. These controls had responded in 1985 to a questionnaire on health and lifestyle. 
In 1985, data on diseases were also collected from the Finnish registers for hospital 
inpatient discharges, for reimbursable medications, and for disability pensions (Kujala 
et al. 1994). In 1995, another questionnaire was posted to all controls except for 46 
(8.6%) who could not be contacted because of death or unknown address, and 425 
(94.7%) responded. Men who had ischemic heart disease in 1985 on the basis of 
register data or the questionnaire (n=37, 8.7%) were excluded from the control group. 
This exclusion was based on the assumption that among the orienteers, overt ischemic 
heart disease was highly improbable when they were highly ranked. After this 
exclusion, 388 men remained in the control group. 
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4.1.3.2. Special aspects of selection criteria for controls in Study II 
 
Of the controls from the original cohort, 1 212 men were excluded because of death or 
unknown address, or failure to respond to both questionnaires (in 1985 and in 1995). 
Response rates were 77% in 1985 and 81% in 1995. Those who were under 65 in 
1985 were included. Those 127 men (25%) who were hypertensive in 1985 (see 
below) were excluded. The final sample comprised 319 controls. 
 
4.1.4. The Finnish Twin Cohort (III, IV) 
 
The Finnish Twin Cohort comprises samples of Finnish twin pairs. The oldest cohort, 
used in this project, comprises all same-sex twin pairs born in Finland before 1958 
with both co-twins alive in 1967 (Kaprio et al. 1978, Kaprio and Koskenvuo 2002). 
Subjects were posted a questionnaire in 1975 and in 1981. The response rate in 1975 
among those whose address could be identified (93.5% of subjects) was 87.6%. The 
re-response rate in 1981 among those responding in 1975 and still alive in 1981 was 
90.7%.  
 
4.1.4.1. Special aspects of selection criteria for twins in Study III 
 
The target group consisted of cohort subjects who provided complete questionnaire 
data on the intensity of their leisure physical activity in 1975 and in 1981, and were 
aged 24 to 51 on January 1, 1982. Of these 19 908 subjects, those 17 968 who were at 
work (including women working at home and students) in 1981 were included, as 
those disabled for work may also be unable to exercise. Because chronic disease may 
restrict the ability to exercise or because persons with disease may be advised to 
change their physical activity patterns, those 2 064 cohort members who had chronic 
disease, that is ischemic heart disease, myocardial infarction, diabetes, chronic 
obstructive pulmonary diseases, or malignant cancer, prior to January 1, 1983, were 
excluded, as described elsewhere (Kujala et al. 1998, 2002). Both questionnaire data 
and register-based information from the nationwide hospital discharge register 
(Keskimäki et al. 1991) and the register for reimbursable medication of the National 
Social Insurance Institution (Kujala et al. 1994) were used for the exclusion. In the 
study cohort there were thus 15 904 subjects (7 811 men and 8 093 women) healthy at 
baseline, before hypertensive status was considered. In 1990, a questionnaire was 
posted to all members of twin pairs in the study cohort fulfilling the aforementioned 
criteria and born between 1930 and 1957 with both members known to be alive, non-
institutionalized, and living in Finland at a known address (n=11 724). If one co-twin 
was missing from the cohort, the questionnaire was not posted to the other co-twin. 
The individual response rate was 82.8%, and the number of subjects responding 9 704 
(4 504 men and 5 200 women). 
 
Because incident hypertension was studied, those 868 (8.9%) subjects, 398 (8.8%) 
men and 470 (9.0%) women classified as hypertensive at baseline in 1981 (see below) 
were excluded. Then those 489 (5.5%) subjects who provided incomplete 
questionnaire data on hypertension risk factors were excluded. After this exclusion    
8 347 subjects (3 944 men and 4 403 women) remained in the study cohort. Finally, 
those subjects for whom data of hypertensive status in 1990 were unobtainable were 
excluded.   
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The final cohort consisted of 8 312 subjects, 3 931 men and 4 381 women who had 
provided risk factor data and who were healthy and non-hypertensive at baseline 
(1981), and had provided data on hypertensive status in 1990.  
 
4.1.4.2. Special aspects of selection criteria for twins in Study IV 
 
The subjects were male twins from the Finnish Twin Cohort (Kaprio et al. 1978, 
Kaprio and Koskenvuo 2002): 117 monozygotic (MZ) and 120 dizygotic (DZ) twin 
pairs selected by consistent discordances in occupational physical loading, exercise 
and sports activity, vehicular driving, or smoking, according to data from the two 
questionnaires (in 1975 an in 1981) (Battié et al. 1995a). The exposures were 
originally selected to study the main suspected risk factors for spinal disorders in the 
Twin Spine Study (Battié et al. 1995a). Added to the sample were 30 MZ and 33 DZ 
pairs chosen at random from the pool of remaining pairs. 
 
Of the entire sample, 99 MZ and 142 DZ pairs underwent examinations and blood 
pressure measurements between 1997 and 1999. Those pairs in which at least one of 
the co-twins had diabetes (3 concordant and 3 discordant MZ pairs, 11 discordant DZ 
pairs) or used medication for hypertension or other cardiovascular medication 
influencing blood pressure (14 concordant and 14 discordant MZ pairs, 11 
concordant, 18 discordant DZ pairs) were excluded from those analyses having blood 
pressure as the dependent variable. Many of these subjects had both these conditions. 
Thus there remained 71 MZ pairs and 104 DZ pairs. The mean age of the subjects was 
52.0 (range 40-72) for the MZ pairs and 49.3 (range 40-70) for the DZ pairs (Table 7). 
 
A total of 191 MZ subjects and 293 DZ subjects, including those with diabetes or 
antihypertensive medication, were analysed in regard to incident hypertension. These 
were all in whom blood pressure was measured, plus 12 DZ subjects in whom blood 
pressure was not measured but who were classified as hypertensive based on 
medication (these 12 were excluded when prevalence of hypertension was analysed). 
The 17 subjects who did not report having hypertension but did use medication that 
influences blood pressure were excluded. The mean age of the men in these analyses 
was 51.8. 
 
4.1.5. Middle-aged men (V) 
 
In 1984, 79 apparently healthy men without medications participated in the baseline 
examinations (Tikkanen et al. 1991, 1998). At follow-up in late 2002, an invitation to 
a new set of measurements went to 74 subjects; four had died, and one had moved 
abroad. Of these 74, 65 (87.8%) participated in examinations in 2003. One had 
suffered intracerebral haemorrhagia 10 years earlier in an accident causing permanent 
limitation of daily physical activity and was therefore excluded from all analyses. 
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     Table 7 Subject characteristics. 
Study Population Number of 
subjects 
Mean age at 
assessment 
(range) 
Time of assessment 
(baseline) 
I Athletes 264 49.6 
(39-60) 
1984 
 Controls 388 58.5 
(36-60) 
 
II Athletes 
Mixed 
 
Power 
 
386 
 
183 
 
50.8 
(36-65) 
51.7 
(38-65) 
1985 
 Controls 319 49.5 
(38-65) 
 
III Twins 
Men 
 
Women 
 
3 931 
 
4 381 
 
34.6 
(24-51) 
34.1 
(24-51) 
1981 
IV Twins 350 50.4 
(40-72) 
1997-1999 
V Men 64 40.2 
(32-58) 
1984 
 
4.2. Collection of data 
 
4.2.1. Questionnaires (I-V)  
 
The questionnaires posted to the subjects were, for the most part, similar and included 
items on physical attributes, sociodemographic factors, smoking status and use of 
alcohol, physical activity and sporting background, use of medications, and 
occurrence of selected diseases verified by physicians. 
 
4.2.2. Register data (I-III) 
 
Data on diseases also came from the Finnish registers for hospital inpatient 
discharges, reimbursable medications, and disability pensions (Kujala et al. 1994) (I, 
III), or from only the register for reimbursable medications (II).  
 
4.2.3. Measurements and interviews (II, IV, V) 
 
The blood pressure of a subgroup of the athletes in Study II (n=56) (Kujala et al. 
1995) was measured (sphygmomanometrically in a sitting position after 15 minutes’ 
rest).  
 
Blood pressure measurements in Study IV were performed according to a standard 
protocol. After a 2-minute supine rest, continuous beat-to-beat arterial blood pressure 
from the middle finger was recorded (Finapres™ Blood Pressure Monitor, Ohmeda, 
Inc., Englewood, CO, USA) for 5 minutes during supine rest, with the finger with the 
cuff immobile at heart level. Mean 5-minute systolic and diastolic arterial pressures 
were calculated. The Finapres finger blood pressure recording system measurements 
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correspond well with intra-arterial brachial and radial measurements at rest (Imholz et 
al. 1988, Parati et al. 1989, Imholz et al. 1990, Bos et al. 1995). 
 
In Study V, blood pressure was measured in the morning by the same person, a 
trained nurse, using a standard mercury manometer. After a 5-minute rest, the 
measurements were made from the right arm, with the subjects sitting in a quiet room. 
Korotkoff phase I and phase V were used for systolic and diastolic blood pressure 
respectively. Two measurements were made for each subject, and the lower one 
(lower mean arterial pressure) recorded. 
 
In Study V, in 1984, muscle fibre distribution (percentage of type I fibres, type I%) 
was analysed from samples taken from the lateral portion of the quadriceps femoris 
muscle by needle biopsy (Tikkanen et al. 1991). The muscle samples were stained for 
actomyosin ATPase by preincubation at pH 4.3 (Guth and Samaha 1970). This 
staining clearly separates the two main fibre types, type I and type II fibres, 
respectively stained dark and remaining unstained (Saltin and Gollnick 1983). 
 
Subjects’ height and weight were measured (IV, V). The detailed, structured 
interview conducted with each subject covered exercise, alcohol consumption, and 
chronic diseases and use of medication (IV, V). In Study IV, occupational physical 
activities and smoking history were also assessed by interview. 
 
4.3. Definition of hypertension 
 
4.3.1. Definition of hypertension at baseline (II, III) 
 
In the 1981 questionnaire, the twins were asked the following: ‘Has a physician ever 
told you that your blood pressure is or has been elevated?’ and ‘Has a nurse or a 
physician measured your blood pressure during the last 5 years?’ Subjects who 
responded yes to the first question were classified as hypertensive in 1981. The latter 
question had several response alternatives: ‘1) No, 2) I do not remember, 3) It was 
normal, 4) It was mildly elevated, but no medication was prescribed, 5) It was 
elevated, medication was prescribed, but this treatment has now ended, and 6) It was 
elevated and the medication prescribed is still continuing’. Subjects who chose 
number 6 were classified as hypertensive in 1981. The subjects also reported the 
number of days they had used medication for hypertension during the previous year. 
Alternatives were ‘1) None, 2) less than 10 days, 3) 10 to 59 days, 4) 60 to 180 days 
(2 to 6 months), and 5) more than 180 days (more than 6 months)’. Those who used 
medication for 10 or more days were classified as hypertensive in 1981. Subjects 
granted reimbursable medication for hypertension before January 1, 1983, based on 
medical certificate data from the Social Insurance Institution of Finland (Kujala et al. 
1994), were also so classified (III). 
 
Athletes and controls who at baseline in the 1985 questionnaire reported that a 
physician had told them their blood pressure was or had been elevated or who 
reported having used medication for hypertension were classified as hypertensive in 
1985. Those granted the right to reimbursable medication for hypertension in 1985 or 
earlier according to the register for reimbursable medications (Kujala et al. 1994) 
were also classified as hypertensive (II). 
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4.3.2. Definition of hypertension at endpoint (I-IV) 
 
The twins who in the 1990 questionnaire reported physician-diagnosed hypertension 
or who reported that they had used medication for hypertension on 60 or more days 
during the previous year were classified as hypertensive in 1990 (III).  
 
In the 1995 questionnaire, the master orienteers and controls answered the following 
questions: ‘Have you ever used medication for hypertension?’, ‘Has your blood 
pressure always been normal?’, and ‘Has a doctor or a nurse ever said that your blood 
pressure is elevated?’ These definitions separately served as endpoints (I). 
 
Former athletes and controls who in the 1995 questionnaire reported having used 
medication for hypertension or who, according to the register, had been granted 
reimbursable medication for hypertension between 1986 and 1995 were classified as 
hypertensive in 1995 (II). 
 
In Study IV, hypertension was defined as use of medication for hypertension or a 
systolic blood pressure ≥140 mmHg or diastolic pressure ≥90 mmHg in the 
measurements (IV). 
 
4.3.3. Validity of classifications of hypertension (I-III) 
 
To assess the validity of the classification of hypertension in Studies I and II, blood 
pressure measurements were compared with questionnaire responses. The blood 
pressure of a subgroup of the athletes in Study II (n=56) had been measured in 1992. 
The measurements were compared between those who were classified as hypertensive 
in 1995 and those classified as healthy. Though only an indirect measure, this 
comparison supports the validity of the classification, because those classified as 
healthy at baseline in 1985 had lower systolic (mean (standard deviation, SD) 139 
(17) vs. 150 (21) mmHg; p=0.049 by t-test) and diastolic (87 (9) vs. 98 (13) mmHg; 
p=0.0005) blood pressure levels in 1992 (II). 
 
For validation analyses of the classification of hypertension in Study III, 
questionnaire data were compared with blood pressure. Blood pressure was measured 
between 1993 and 1995 in a subgroup of the study subjects in the present study 
(Kaprio et al. 2001), between 1993 and 1995. Two measurements were made, and 
mean systolic and diastolic blood pressures computed for each subject. Systolic 
pressure was available for 225 subjects and diastolic pressure for 224. Those using 
medication for hypertension at that time were not excluded. The validity of the 
classification of hypertension was assessed by t-test by comparing blood pressure 
measurements between those classified as hypertensive according to the 1990 
questionnaire and those classified as healthy. Again, though only an indirect measure, 
the comparison supports the validity of the classification. Those classified as 
hypertensive according to the questionnaire in 1990, 28 (12.4%) for systolic and 27 
(12.1%) for diastolic pressure, had higher systolic: mean (SD) being 142 (17) vs. 130 
(16) mmHg, p=0.0002 and higher diastolic: 86 (10) vs. 80 (9) mmHg, p=0.0009 blood 
pressure than did those reporting normal blood pressure values (III). 
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4.4. Assessment of risk factors 
 
4.4.1. Assessment of physical activity (I-V) 
 
Assessment of volume of physical activity was based in the questionnaires on a series 
of structured questions (Kaprio et al. 1978, Kujala et al. 1998) on leisure physical 
activity (monthly frequency, mean duration, and mean intensity of physical activity 
sessions). The activity metabolic index was calculated by assigning a multiple of the 
resting metabolic rate (MET score) to each activity and calculating the product of 
intensity × duration × frequency of activity (Wilson et al. 1986). This calculation used 
the following MET values (metabolic equivalents, calculated as work metabolic rate 
divided by resting metabolic rate): 1) 4 corresponds to exercise intensity 
corresponding to walking, 2) 6 to vigorous walking to jogging, 3) 10 to jogging, and 
4) 13 to running (I-III).  
 
In study III, volume of physical activity was dichotomized so that those subjects 
whose volume of activity was ≥2 MET hours per day (corresponding to at least 30 
min walking per day) were classified as physically active at leisure. Participation in 
vigorous physical activity was also assessed, based on the following question: ‘Is your 
physical activity during leisure time about as strenuous on average as: 1) walking, 2) 
alternately walking and running, 3) jogging, 4) running?’ Those who chose alternative 
3 or 4 were classified as participating in vigorous activity (III). 
 
Study IV determined by interview lifetime history of leisure-time physical activity. 
Physical activity was classified as aerobic exercise, power sports, and other sports. 
Aerobic exercise was classified under regular exercise and intensity of exercise. Three 
time-periods of regular exercise were examined separately: entire lifetime, past year, 
and adolescence (ages 12-20). The intensity of aerobic exercise was analysed for the 
entire lifetime and for the past year separately. The intensity of each aerobic exercise 
the subjects engaged in they classified themselves as 1) light, 2) medium, or 3) heavy. 
The number of observations was too small for sufficient power for examining 
intensity of aerobic exercise in adolescence separately. Power sports and other sports 
were examined for entire lifetime, past year, and adolescence separately (IV). 
 
In Study V, personal interviews were conducted in 1984 at baseline, and in 2003 at 
follow-up. In 1984, total leisure-time physical activity was calculated by multiplying 
activity (in METs) by duration and frequency of activity and was expressed as MET 
hours per week (Tikkanen et al. 1998). In 2003, physical activity was assessed by the 
Kuopio Ischemic Heart Disease Study 12-month physical activity questionnaire 
(Salonen and Lakka 1987, Lakka and Salonen 1997), which was self-administered by 
the subjects. A subsequent interview ensured completeness, and all interviews were 
conducted by the same person. The questionnaire included a list of activities for 
which the subjects reported mean intensity, duration, and frequency for each month. 
The MET of the different intensities for each type of activity was categorized (Lakka 
and Salonen 1997). Volume of physical activity was expressed in MET hours per 
week. Both total physical activity volume and volume of exercise (activity such as 
household activity excluded) were calculated (V). 
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4.4.2. Assessment of potential confounding factors (I-V) 
 
Body mass index (BMI), use of alcohol (I-V), smoking (I-IV), occupational group 
(II), work-related physical activity (III, IV), chronic diseases (IV), and use of 
medication (IV, V) were treated as potential confounding factors. 
 
BMI was calculated from the height and weight of the subjects (weight/height2), 
which were self-reported (I-III) or measured (IV, V). In Study III, this variable was 
dichotomized, and those whose BMI was ≥27 kg/m2 were classified as overweight. 
 
Smoking status was classified according to the responses to a detailed smoking history 
(Kaprio et al. 1981). Non-smokers were those who reported that they had never 
smoked more than a total of 5 to 10 packs of cigarettes. All subjects who had quit 
smoking were classified as former smokers. Those few smokers who had never 
smoked daily or almost daily were classified as former smokers for the purpose of the 
analyses. Other subjects were classified as current smokers (I, II). Study III used a 
dichotomized classification; only current smokers were classified as smokers. In 
Study IV, smoking exposure was calculated as pack-years (Battié et al. 1995a). 
 
Use of alcohol was recorded in beverage-type specific items for frequency and 
quantity, and then converted into grams of absolute alcohol per day (I, II) or per week 
(IV, V) (Kaprio et al. 1987). In Study III, those who consumed more than the 
equivalent of a bottle of wine at least once a month on a single occasion were 
classified as heavy users of alcohol (Kaprio et al. 1987). 
 
Occupational data were collected in part from the central population registry of 
Finland and in part from the 1985 questionnaire. Classification by occupational group 
was into the following categories: executives, clerical staff, skilled workers, unskilled 
workers, and farmers. Each person was classified according to the occupation he held 
for the longest period of his life (Sarna et al. 1993) (II).  
 
Work-related physical activity was classified as sedentary or non-sedentary in Study 
III. In Study IV, every job held for at least 3 months during each subject’s lifetime 
work history was discussed and noted in detail (Battié 1995a), with an activity index 
then calculated. 
 
History of chronic diseases (IV) and use of medication (IV, V) were also noted. 
 
4.5. Ethical aspects 
 
All studies have been approved by the appropriate ethics committees. 
 
4.6. Statistical methods 
 
4.6.1. General 
 
BMDP Statistical software, Berkeley, CA, USA (I, II), and STATA software, release 
6.0, Stata Corporation, College Station, TX, USA (III, IV), were used for logistic 
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regression analyses of the data, and SPSS for Windows, version 11.0.1, SPSS Inc., IL, 
USA, for regression analyses (V). All significance tests were two-tailed.  
 
4.6.2. Individual-based analyses (I-V) 
 
Logistic regression analyses were used to assess the associations of different physical 
activity measures and confounding factors with risk for hypertension. Analyses were 
made first with models including only physical activity variables and age, and then 
with different confounding factors included to assess the independent associations of 
physical activity and risk for hypertension (I-III). 
 
When the outcome measure was blood pressure as a continuous variable, multiple 
regression analyses were used to investigate how physical activity measures, or 
muscle fibre-type distribution, associated with systolic and diastolic blood pressure. 
In these analyses as well, confounding factors were included in the models after initial 
assessment of associations adjusted only for age (IV, V). 
 
4.6.3. Pairwise analyses in twins (IV) 
 
Standard univariate twin analyses (Williams et al. 1992, Posthuma et al. 2003) were 
carried out to estimate genetic and environmental components of variance for blood 
pressure using maximum likelihood based on sample covariance matrices and means 
(Neale et al. 1992, Posthuma et al. 2003). Under the study design of twins reared 
together, it is possible to model four separate parameters: an additive genetic (A) 
component, effects due to dominance (D), and shared (C) and non-shared (E) 
environmental components. Additive genetic effects (A) signify that the effect of one 
allele is added to the effect of another allele, and dominant effects (D) genetic effects 
other than additive. Heritability is an estimate of the proportional contribution of 
additive genetic effects on the phenotypic variation in a trait (Posthuma et al. 2003). 
Shared environment (C) signifies environmental factors that are similar for both co-
twins, and non-shared environment (E) environmental factors that the co-twins do not 
share, also including measurement error (Posthuma et al. 2003). 
 
Using this design of twins reared together, one can fit models based on some 
combinations of these parameters: AE, ACE, ADE, CE, and E (Neale et al. 1992, 
Posthuma et al. 2003). Specific independent variables and age were added as 
regressors to the blood pressure models to evaluate how much variance each specific 
variable accounted for and how much of the remaining variance was then accounted 
for by age, genetic, and environmental components. 
 
A bivariate twin analysis with age-correction revealed whether genetic and 
environmental effects on physical activity are correlated with genetic and 
environmental effects on blood pressure (rg and re respectively). This analysis was 
carried out with bivariate Cholesky decomposition parametrization (Neale et al. 1992, 
Posthuma et al. 2003). The structural models were estimated with the Mx program 
(Neale 1999). 
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5. RESULTS 
 
5.1. Risk factors for hypertension (I-V) 
 
The master endurance athletes (I) were, as expected, the most physically active 
population. Their mean MET hours per week were 77.6, corresponding to almost 8 
hours of jogging or about 6 hours of running per week. The former elite athletes (II) 
were exercising more than the controls (II). The twins (III) were at about 30 years of 
age exercising as much as the 50-year-old former athletes (II), corresponding to about 
3 to 3.5 hours of jogging per week. The middle-aged men (V) took exercise 
corresponding to about 3 hours of jogging per week. The endurance athletes had 
lower BMI, and smoked less often than did controls (I, II) (Table 8). 
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 Table 8 Means and proportions for physical activity and potential confounding factors for subjects 
 Study Population Age in years 
(range) 
MET hours/week 
(SD, range) 
BMI kg/m2
(SD, range) 
Alcohol-use g/day 
(SD, range) 
Non-
smokers 
Former 
smokers 
Current 
smokers 
I     Athletes
(n=264) 
60.6 
(50-71) 
77.6 
(47.3, 1.5-227.5) 
23.2 
(1.7, 18.7-31.1) 
9.9 
(11.4, 0-72) 
73% 24% 3%
     
  
     
  
     
   
Controls
(n=388) 
58.5 
(47-71) 
18.8 
(22.4, 0-146.3) 
26.8 
(3.5, 16.2-42.6) 
16.6 
(21.0, 0-161) 
31% 46% 23%
II Athletes
Mixed 
(n=386) 
Power 
(n=183) 
 
50.8 
(36-65) 
51.7 
(38-65) 
 
34.8 
(35.3, 0-175.0) 
30.7 
(34.9, 0-227.5) 
 
25.1 
(2.5, 19.2-40.1) 
27.3 
(3.2, 19.7-38.1) 
 
14.2 
(16.2, 0-145) 
11.6 
(15.7, 0-117) 
 
52% 
 
55% 
 
35% 
 
30% 
 
13% 
 
15% 
Controls
(n=319) 
49.5 
(38-65) 
16.1 
(26.3, 0-227.5) 
25.9 
(3.0, 18.3-38.8) 
13.3 
(17.7, 0-143) 
29% 42% 30%
III 
 
Twins 
Men 
(n=3 931) 
Women 
(n=4 381) 
 
28.6 
(18-45) 
28.1 
(18-45) 
 
21.4 
(26.2, 0-224.6) 
16.8 
(18.3, 0-210.6) 
 
23.2 
(2.7, 15.6-34.7) 
21.4 
(2.7, 14.5-43.0) 
 
11.8 
(14.2, 0-181) 
4.4 
(6.6, 0-118) 
 
38% 
 
60% 
 
24% 
 
15% 
 
38% 
 
26% 
Twins
Men 
(n=3 931) 
Women 
(n=4 381) 
 
34.6 
(24-51) 
34.1 
(24-51) 
 
22.9 
(27.0, 0-224.6) 
19.0 
(18.6, 0-224.6) 
 
24.0 
(2.7, 16.4-36.3) 
22.1 
(13.6-48.2) 
 
12.1 
(14.3, 0-129) 
4.3 
(6.4, 0-114.8) 
 
37% 
 
59% 
 
29% 
 
19% 
 
34% 
 
21% 
IV Twins
(n=350) 
50.4 
(40-72) 
Not available 25.4 
(3.0, 16.3-34.6) 
10.5 
(12.2, 0-125) 
34% 38% 28%
V 
 
Men 
(n=64) 
59.2 
(51-77) 
31.0 
(22.4, 0.1-99.9) 
26.5 
(4.0, 17.5-36.6) 
18.9 
(16.5, 0-82.7) 
43% 42% 15%
 
Results 
Men were much more often (25%) persistently participating (in 1975 and in 1981) in 
vigorous activity (classified as physical activity on average as strenuous as jogging or 
running vs. walking) than were women (6%). Of those exercising vigorously, a much 
larger percentage of men than of women were engaged in activities the intensities of 
which corresponded to running instead of jogging, 42.7% of men vs. 16.9% of women 
in 1975, and 39.1% of men vs. 22.3% of women in 1981 (III). 
 
5.2. Physical activity and hypertension or blood pressure 
 
5.2.1. Occurrence of hypertension (I-IV) 
 
Absolute measures of occurrence (prevalence and incidence) of hypertension cannot 
be compared between these four present studies, since classifications of hypertension 
differed from study to study. 
 
Only 8.7% (95% CI, 5.6-12.8) of master endurance athletes reported having used 
medication for hypertension, compared with 27.8% (95% CI, 23.4-32.3) of controls. 
The difference was marked also for proportions of subjects told by a physician or a 
nurse that their blood pressure was elevated: 23.9% (95% CI, 18.7-29.0) of athletes 
compared with as high as 45.4% (95% CI, 40.4-50.3) of controls (I). 
 
The cumulative incidence of hypertension between 1986 and 1995 was 23.6% (95% 
CI, 19.3-27.8) among former elite endurance and mixed-sports athletes. For former 
power-sports athletes, the incidence was 33.3% (95% CI, 26.5-40.2), and for controls 
32.0% (95% CI 26.9-37.1). The endurance and mixed sports group had a significantly 
lower incidence than did either the power sports group (p=0.014) or the control group 
(p=0.013) (II). 
 
In the twin population, younger than the former athletes (Table 8), the cumulative 
incidence of hypertension from 1982 to 1990 was 10.2% (95% CI, 9.3-11.2) for men 
and 8.0 (95% CI, 7.2-8.8) for women (p=0.003 for sex difference) (III). In the 
subsample of the twin population in which blood pressure was measured, the 
prevalence of hypertension was 38.3% (95% CI, 33.9-42.7) (IV). 
 
5.2.2. Risk for hypertension in different physical activity groups in men (I-IV) 
 
The results of the different studies vary somewhat. Each study has, however, found 
some association between physical activity and hypertension or blood pressure. 
Engaging in vigorous activity was associated with low risk for hypertension in all 
questionnaire-based follow-up studies (I-III). Being a master endurance athlete was 
strongly associated with low risk for hypertension (I), and having been an elite athlete 
in endurance or mixed sports in young adulthood was associated with low risk, as 
well. Furthermore, volume of physical activity (MET index) was associated with 
lower risk: a 14% decrease per increasing MET quartile (for MET quartiles, see Table 
3 in Study II) (II). In Study III, in men, vigorous physical activity was associated with 
low risk, whereas a high volume of physical activity was not associated with risk for 
hypertension. Participation in vigorous activity only in 1975, but not in 1981, was 
associated with reduced risk for hypertension between 1982 and 1990, when 
compared with persistent non-participation (both in 1975 and in 1981) (Table 9) (III). 
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In Study IV, which was cross-sectional by design, engagement in other sports (other 
than aerobic or power type sports) was associated with low prevalence of 
hypertension. No other physical activity variables were associated with prevalence of 
hypertension (IV). 
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Table 9 Adjusted odds ratios (with 95% CIs) for risk for hypertension during follow-up for different physical activity groups compared with reference groups in men.
aAdjusted also for occupational group. bAdjusted also for MET and occupational group. cAdjusted also for diabetes, but not for alcohol-use.
Odds ratio adjusted for
Study Group Reference group Outcome of study Age Age, alcohol,
smoking
Age, alcohol,
smoking, BMI
I Master endurance athletes Controls Use of medication for
hypertension
0.26
(0.16-0.43)
0.26
(0.15-0.44)
0.43
(0.24-0.77)
II Endurance and mixed
sports
Controls Use of medication for
hypertension
0.67
(0.48-0.94)
0.71a
(0.49-1.02)
0.78b
(0.53-1.14)
Power sports Controls 1.11
(0.75-1.64)
1.20a
(0.80-1.80)
1.06b
(0.69-1.62)
III Persistently vigorously
physically active
(in 1975 and in 1981)
Persistently not vigorously
active
Physician diagnosed
hypertension
0.69
(0.52-0.90)
0.72
(0.55-0.95)
Vigorously active in 1975
but not in 1981
Persistently not vigorously
active
0.62
(0.44-0.89)
0.64
(0.45-0.91)
Vigorously active in 1981
but not in 1975
Persistently not vigorously
active
0.84
(0.60-1.17)
0.84
(0.60-1.18)
Persistently high volume of
physical activity
(in 1975 and in 1981)
Persistently low volume of
physical activity
0.95
(0.73-1.22)
1.25
(0.93-1.69)
IV Engaged in non-endurance,
non-power sports
Not engaged in non-
endurance, non-power sports
Medication for hypertension or
blood pressure >140/90 mmHg
0.60
(0.37-0.98)
0.50c
(0.29-0.85)
Results 
5.2.3. Physical activity and blood pressure levels in men (IV, V) 
 
High occupational physical loading during the past year was associated with low 
systolic blood pressure, while regular participation in aerobic exercise during the past 
year was actually associated with high systolic blood pressure. Aerobic exercise in 
adolescence and lifetime aerobic sports intensity were associated with low levels of 
diastolic blood pressure. All these associations were adjusted for age. The means for 
systolic and diastolic blood pressures by aerobic exercise intensity categories and 
aerobic exercise in adolescence categories are presented in Figures 1 and 2 (IV). 
 
Systolic
pressure
 bloodDiastolic
pressure
 blood
60
70
80
90
100
110
120
< 1 year 1-5 years 6-8 years
m
m
H
g
130
140
Exercise years
Figure 1 Systolic and diastolic blood pressure means in different exercise categories (number of years 
of aerobic exercise at least twice per week) for aerobic exercise during adolescence (12-20 years). 
Differences between groups significant (p<0.05) for diastolic blood pressure. 
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Figure 2 Systolic and diastolic blood pressure means in different aerobic exercise intensity categories 
(mean intensity during the entire lifetime, self-assessed by subjects, scale 1-3; for details, see section 
4.4.1.). The association was significant (p<0.05) for diastolic pressure. 
 
In Study V, high leisure-time physical activity at baseline was associated, adjusted for 
age and baseline BMI, with low diastolic blood pressure.  
  
5.2.4. Risk for hypertension in different physical activity groups in women (III) 
 
No associations appeared between vigorous physical activity or physical activity 
volume, and hypertension in women (n=4 381) (III). 
 
5.2.5. Effects of genetic and environmental factors on blood pressure levels (IV, 
V) 
 
In the univariate twin analysis for both systolic and diastolic blood pressure, the E 
model, including only the non-shared environment component, could be rejected. All 
other models (ADE, ACE, AE, and CE, where A is additive genetic effects, D effects 
due to dominance, C shared environment, and E non-shared environment) fit the data 
satisfactorily, and were not significantly different from each other. The AE models 
were the best fitting for univariate analysis for both systolic and diastolic blood 
pressure (IV). 
 
In the AE model for systolic blood pressure, non-shared environment explained 61% 
and genetic effects 39% of the variance. The χ2 of this model was 3.98 with 7 degrees 
of freedom (df), Akaike’s information criterion (AIC; AIC= χ2-2 × degrees of 
freedom; lower AIC indicates better fit) was -10.02, and p=0.78. This indicates that 
the model fits the data well; in this analysis p>0.05 indicates good fit. In the ACE 
model, non-shared environment still accounted for 61%, and genetics for 39% of the 
variance in systolic pressure, while common environment had no effect on the 
variance (IV). 
 
In the AE model, diastolic blood pressure was explained mostly by non-shared 
environmental effects (64% of the variation), while genetic effects explained 36% 
(χ2=4.87, df=7, AIC=-9.13, p=0.68). When the environmental effects shared by both 
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co-twins were included in the model (ACE), the importance of non-shared 
environmental effects remained unchanged (65%), but genetic effects accounted for 
29% and common environment for 6% of the variance in diastolic pressure. When age 
and physical activity (specific independent variables) were added as regressors to the 
AE model, aerobic exercise in adolescence explained 5% of the variation in diastolic 
blood pressure, while the effect of aerobic exercise intensity during the whole lifetime 
was not significant in this model (IV). 
 
Mean systolic and diastolic blood pressures were significantly lower among those 
whose muscle fibre type I percentage (type I%) was ≥50% than among those with a 
type I% <50% (Figure 3). Type I% was significantly associated with low systolic and 
low diastolic blood pressure, adjusted for physical activity and BMI in 1984, and for 
age both when all subjects were included in the analyses and when only those without 
any antihypertensive medication were included. In the latter case, an increase in type 
I% by one unit was associated with a 0.58 mmHg (95% CI, 0.11, 1.06; p=0.018) and 
0.25 mmHg (95% CI, 0.045, 0.45; p=0.018) decrease respectively in systolic and 
diastolic blood pressure. Type I% was the only significant predictor of both systolic 
and diastolic blood pressure. Adding use of antihypertensive medication into the 
model with all subjects included did not alter the results. Type I% predicted low blood 
pressure also when adjusted for cross-sectional 2003 data on physical activity, BMI, 
and use of alcohol in (V).  
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Figure 3 Mean systolic (SBP) and diastolic blood pressure (DBP) among subjects without 
antihypertensive medication. Significance for difference between groups: SBP, p=0.033; DBP, 
p=0.003 (V). 
 
5.2.6. Effects of genetic and environmental factors on the associations between 
physical activity and blood pressure levels (IV, V) 
 
Aerobic exercise during adolescence could be satisfactorily modelled by ADE, ACE, 
AE, and CE models. The AE model was the best fitting, and genetic effects accounted 
for 44% and non-shared environment for 56% of the variation in exercise (χ2=15.30, 
df=13, AIC=-10.70, p=0.29). Inclusion of shared environment in the model (ACE) 
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reduced the proportion accounted for by genetic factors to 23%, while non-shared 
environment explained 59% and shared environment 18%. Lifetime aerobic exercise 
intensity was mostly explained by a non-shared environment, 54%, while genetics 
explained 46% of the variance in exercise both in the AE and the ACE models. In the 
AE model, the data fit well: χ2=39.59, df=43, AIC=-46.44, p=0.62 (IV).  
 
The bivariate model was used to assess whether the genetic and environmental effects 
on physical activity in adolescence correlate with genetic and environmental effects 
on adult blood pressure. With the correlation of the non-shared environmental effects 
(re) set at zero, the genetic correlation (rg) was -0.40 (95% CI -0.65, -0.19, AIC           
-12.52). With rg set at zero, re was -0.27 (95% CI -0.46, -0.12, AIC -12.40). With both 
correlations in the model, rg was 0.27 (95% CI -0.57, 0.08), and re was -0.18 (95%    
CI -0.40, 0.05, AIC -12.93) (IV). 
 
Physical activity at baseline, in 1984, was associated with diastolic blood pressure at 
follow-up, in 2003. When type I% was added to the model, this association 
disappeared (regression coefficient -0.024, p=0.66), and type I% was a significant 
predictor of diastolic pressure. Similar, non-significant (p=0.14, with age and BMI in 
2003 in the model) results appeared for exercise in 2003 and diastolic blood pressure, 
and when type I% was added to the model this association also disappeared. The 
trends were non-significant, but in the same direction also for systolic blood pressure 
(V). 
 
Type I% was a significant predictor of exercise in 2003, with a correlation of 0.47 
(p<0.001) between these two characteristics. The correlation between type I% and 
volume of total leisure-time physical activity (including household activities) in 2003 
was 0.27 (p=0.031). These results persisted also when adjusted for age. Among those 
whose type I% was under 50% (n=19), mean volume of exercise in 2003 was 19.4 
(SEM 3.3) MET hours per week, while among those whose type I% was 50% or 
higher (n=45), mean volume of exercise in 2003 was 35.9 (SEM 3.5) MET hours per 
week; p=0.006 for difference between groups (V). 
 
5.3. Other risk factors and hypertension or blood pressure 
 
5.3.1. Other risk factors and hypertension or blood pressure in men (I-V) 
 
Body mass index was consistently associated with high risk for hypertension in both 
the questionnaire- and register-based studies (I-III), but was not significantly 
associated with blood pressure in Studies IV and V. Use of alcohol was not associated 
with risk for hypertension in Studies I and IV, but in Studies II and III it was 
significantly associated with high risk (Table 10), and in Study V with high systolic 
blood pressure. Study IV showed no other risk factors associated with blood pressure. 
Having diabetes and a high BMI were, however, associated with high occurrence of 
hypertension, and smoking was associated with low occurrence of hypertension (IV). 
 
 
 
 
 
 
 52
Results 
Table 10 Increase in risk for hypertension (from odds ratios) for significant risk factors in men. 
Study Risk factor Increase in risk Adjusted for 
I BMI 12% / unit (kg/m2) 
p=0.0004 
Group, age 
II BMI 32% / quartile 
p<0.0001 
Group, age, MET, alcohol, occupation 
 Use of alcohol 19% /quartile 
p=0.018 
Group, age, MET, BMI, occupation 
III Persistent 
overweighta
77%e
p=0.001 
Age, physical activity at leisure and at work, 
alcohol 
 Increased weightb 57%e
p=0.02 
Age, physical activity at leisure and at work, 
alcohol 
 Persistent heavy use 
of alcoholc
34%f
p=0.04 
Age, physical activity at leisure and at work, 
overweight 
 Increased use of 
alcohold
57%f
p=0.007 
Age, physical activity at leisure and at work, 
overweight 
IV Diabetes 734% 
p<0.001 
Age 
 BMI 12% / unit 
p<0.01 
Age 
 Smoking -23%g Age 
All associations are direct, i.e., increasing risk factor elevates risk for hypertension, except for smoking 
in Study IV, where the association is inverse. 
aBMI ≥ 27 in 1975 and 1981. bBMI <27 in 1975 and ≥ 27 in 1981. cHeavy use of alcohol in 1975 and 
1981. dNo heavy use of alcohol in 1975 and heavy use in 1981. eCompared with persistent normal 
weight. fCompared with persistently no heavy use of alcohol. gCompared with non-smokers.  
 
5.3.2. Other risk factors and hypertension in women (III) 
 
Persistent overweight and weight gain, and increased use of alcohol were significant 
risk factors also in women. Unlike in men, persistent heavy drinking was not a 
predictor of hypertension in women (Table 11) (III). 
 
Table 11 Adjusted odds ratios (with 95% CIs) for significant risk factors in women (III). 
Risk factor Increase in risk Adjusted for 
Persistent overweighta 76%d
p=0.02 
Age, physical activity at leisure and at work, 
alcohol 
Increased weightb 252%d
p<0.001 
Age, physical activity at leisure and at work, 
alcohol 
Increased use of 
alcoholc
71%e
p=0.02 
Age, physical activity at leisure and at work, 
overweight 
aBMI ≥ 27 in 1975 and 1981. bBMI <27 in 1975 and ≥ 27 in 1981. cNo heavy use of alcohol in 1975 
and heavy use in 1981. dCompared with persistent normal weight. eCompared with persistently no 
heavy use of alcohol.   
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6. DISCUSSION 
 
6.1. Methodological issues 
 
6.1.1. General 
 
Randomized controlled trials (RCT) are considered the gold standard in studies on 
therapy or prevention of any condition (Guyatt et al. 1993). This design is, however, 
not always applicable. It is, for example, unthinkable to perform an RCT instead of an 
observational study when the effects of life-long engagement in leisure-time physical 
activity or those of very vigorous, competitive, exercise training are assessed. Some 
selection processes may, in fact, be present in RCTs as well. If, for example, effects of 
a physical activity intervention are to be studied, it is possible that those who dislike 
exercise won’t agree to participate. 
 
When interpreting results from observational studies and from non-randomized 
intervention studies, it should be recognized that because of selection issues, non-
randomized studies tend to show larger treatment and prevention effects than do 
randomized trials (Guyatt et al. 1993). Regarding the present studies, elite athletes, 
and to a lesser extent also those who engage in recreational leisure-time physical 
activity, are a socially, psychologically, biologically, and genetically select group, and 
the same selection may explain low morbidity in these groups (Kujala et al. 2003). 
 
6.1.2. Validity and reliability of physical activity and hypertension variables 
 
For the classifications of hypertension in Studies I to III, comparisons of 
questionnaire responses and blood pressure measurements, though being only indirect 
measures, supported the validity of the data. These results are in agreement with 
findings of Haapanen et al. (1997a) that questionnaire-provided data and medical 
records from health centres and one central hospital in Finland are in good agreement. 
 
No validation studies exist for the data on physical activity in Studies I to III. In 
studies on the same cohort as in Study III, where physical activity data were based on 
the same questions, physical activity was, however, a significant predictor of 
mortality (Kujala et al. 1998, Kujala et al. 2002).  
 
For the interview data on physical activity in Study IV, the repeatability of the 
interviewed replies on sport and exercise habits during a 5-year test-retest interval 
appears in Ropponen et al. (2001). For exercise years and mean hours per week by 
mode for the most commonly performed exercise type during one defined time period, 
the mean intraclass correlation coefficients (ICC) ranged from 0.63 to 0.90, and for 
the sum of all lifetime exercises reported, mean ICCs were 0.69 to 0.73. For exercise 
intensity, the repeatability was lower (mean kappa 0.33 to 0.48). The validity of the 
data has not, however, been assessed. 
 
The reliability of the Kuopio Ischemic Heart Disease Study 12-month physical 
activity questionnaire in Study V has been assessed (Lakka and Salonen 1992, Lakka 
and Salonen 1993). For repeatability of the data on total energy expenditure and both 
total physical activity and only conditioning activities, the ICCs were 0.57 to 0.58 The 
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regression coefficient between energy expenditure in jogging and skiing, and maximal 
oxygen uptake was 0.28 (p<0.05) (Salonen and Lakka 1987), and the correlation 
between total energy expenditure and maximal oxygen uptake was 0.23 (Lakka and 
Salonen 1993). 
 
6.2. Physical activity and blood pressure or risk for hypertension 
 
6.2.1. Physical activity and risk for hypertension 
 
Engagement in vigorous activity earlier in life is associated in men with low risk for 
hypertension. The risk for hypertension was in master orienteers one-quarter that of 
controls (age-adjusted OR 0.26), and this difference remained significant also after 
adjusting for age, alcohol-use, smoking, and body mass index (I). Having been an 
elite athlete in endurance or mixed sports was also associated with low incidence of 
hypertension. What should be kept in mind is the considerable difference in the 
prevalence of hypertension between the endurance and mixed sports group and the 
controls in 1985 (21.9% vs. 28.6%) (Kujala et al. 1994), and the fact that persons with 
a history of hypertension in 1985 were excluded from the present study. Thus, the 
differences in incidence of hypertension between 1986 and 1995 may have been 
diluted. Despite this, the result was significant, which strengthens the evidence that 
having been an endurance or mixed sports top athlete predicts low incidence of 
hypertension (II). In the twin cohort, vigorous physical activity was, in men, 
independently associated with low risk for hypertension. Adjusted for all covariates 
(age, alcohol-use, smoking, and overweight), persistent non-participation in vigorous 
activity was associated with an increase in risk for hypertension of 60% during the 9-
year period starting in 1982 compared to persistent participation. Interestingly, non-
participation only in 1975 or in 1981 was not associated with increased risk (III). 
 
The results on volume of physical activity and risk for hypertension were inconsistent. 
For the former elite athletes and controls, high volume of activity was associated with 
low risk (II), but the twins showed no such association (III). In the study with the 
subgroup of twins, where data were collected cross-sectionally, only engagement in 
other sports (other than aerobic- or power-type sports) was associated with low 
prevalence of hypertension. No other physical activity variables were associated with 
prevalence of hypertension (IV). 
 
The literature agrees on physical activity’s being associated with low risk for 
hypertension in men, but there exists some controversy concerning intensity of 
physical activity and risk for hypertension. Several reports, including prospective 
studies in which the endpoint was questionnaire-based (Paffenbarger et al. 1983, 
1991) and a cross-sectional study with blood pressure measured (MacAuley et al. 
1996), show that in men, both vigorous activity and physical activity volume are 
associated with low risk for hypertension or low blood pressure. Pereira and co-
workers (1999) have found, in a prospective study in which blood pressure was 
measured and use of medication for hypertension determined by questionnaire, that in 
white males, the volume of activity is important but vigorous activity is not. 
Haapanen et al. (1997b) reported, in a prospective questionnaire- and register-based 
study, that both intensity and volume of physical activity were separately associated 
with low risk for hypertension, but when they were both in the model, intensity was 
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no longer important. In contrast, in the present study on twins, participation in 
vigorous activity was strongly associated with low risk for hypertension in men 
whereas volume of activity was unimportant. 
 
One difference between the present study and some studies that have found an 
association between volume of physical activity and hypertension is the level of the 
cut-off point. In the present study, those subjects whose volume of activity 
corresponded to ≥30 minutes of walking per day were classified as physically active 
during their leisure time (III). In those studies (Paffenbarger et al. 1983, Haapanen et 
al. 1997b) from which the volume of activity used as cut-off point can be assessed 
from the data in the report, the cut-off point was set at about twice as large a volume 
of activity as in the present study. However, when the cut-off point in the present 
study was changed from 2 MET hours per day to 4 MET hours per day, and the data 
were re-analysed post hoc, still no association appeared between volume of physical 
activity and hypertension (results not shown). Such inconsistencies in the findings 
may be due to difficulties in measurement of physical activity (LaPorte et al. 1985, 
Powell et al. 1987, Kriska and Caspersen 1997, Lamonte and Ainsworth 2001). 
 
Women showed no associations between intensity or volume of physical activity and 
risk for hypertension (III), consistent with some earlier findings (Haapanen et al. 
1997b, Pereira et al. 1999); other studies have found an association between women’s 
physical activity and blood pressure (Folsom et al. 1990, Reaven et al. 1991, 
MacAuley et al. 1996, Levenstein et al. 2001).  
 
One explanation for the present findings differing between men and women may be 
that the effect of physical activity in women and in men is not similar. Another 
possible explanation may be the differing physical activity habits between men and 
women. The numbers having different patterns of physical activity volume are rather 
similar for men and women, but for vigorous activity, the numbers differ markedly. 
Whereas 25% of the men were persistently participating in vigorous activity, the 
corresponding percentage for women was as low as 6%. Moreover, of those 
exercising vigorously, a much larger percentage of men were engaged in activity with 
an intensity corresponding to running instead of jogging compared with women: 
42.7% vs. 16.9% in 1975, and 39.1% vs. 22.3% in 1981 (III). In both studies 
(Haapanen et al. 1997b, Pereira et al. 1999) that found no association between 
physical activity and hypertension, the activity patterns of women and men differed 
similarly to the patterns in the present study. In the Finnish cohort studied by 
Haapanen and co-workers (1997b), the intensity of physical activity in women was 
much lower than in men and total volume somewhat lower. In Pereira et al. (1999), a 
similar proportion of white men and women reported exercising, but the proportion of 
men reporting sweating during their leisure time was more than twice as large as 
among women, which may indicate that men engaged in vigorous activity more often 
than women. Because intervention studies show that exercise training-induced 
reductions in blood pressure are larger and more consistent in women than in men 
(Hagberg et al. 2000), it seems plausible to assume that physical activity might be 
effective in preventing hypertension in women if their exercise patterns were similar 
to men’s, as to be seen with mortality (Blair et al. 1993, Blair 1996). Most 
questionnaires used in epidemiologic studies have been developed for men and may, 
because of differing types of activities between the sexes, lead to misclassification of 
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physical activity in women (Blair 1996). It has been reported (Blair et al. 1993) that 
whereas treadmill-measured fitness predicts death equally well in men and in women, 
self-reported activity in the same cohort predicts mortality only in men, suggesting 
that the measurement of physical activity in women is inadequate (Blair et al. 1993). 
 
6.2.2. Physical activity and blood pressure levels 
 
In the male twins, aerobic exercise in adolescence and lifetime high-intensity aerobic 
exercise were associated with low diastolic blood pressure in adulthood. No leisure-
time physical activity variables were associated with low systolic blood pressure; 
regular participation in aerobic exercise during the past year was, however, 
surprisingly, associated with high levels of systolic blood pressure (IV). In the study 
on muscle fibre type, physical activity in 1984 was associated with low diastolic 
blood pressure at follow-up, in 2003 (V). 
 
The finding that specifically aerobic exercise in adolescence is associated with low 
diastolic blood pressure in adulthood is new. Four European cohort studies (Twisk et 
al. 2002b, Boreham et al. 2002, Hasselstrøm et al. 2002, Lefevre et al. 2002) 
following subjects from youth to adulthood have explored the associations between 
physical activity in adolescence and blood pressure in adulthood. Physical activity 
levels were assessed at 12 to 19 years of age, and the blood pressure of the same 
subjects was later measured at the age of 20 to 40, but revealed no associations 
between physical activity in youth and low blood pressure in adulthood. One study 
(Barnekow-Bergkvist et al. 2001) has found a relationship between a positive attitude 
toward aerobic exercise in adolescence and decreased risk for high systolic blood 
pressure (diastolic blood pressure not reported). In that study, leisure-time sports 
activity in adolescence was not associated with low risk for elevated systolic blood 
pressure, which was, however, a dichotomized classification. 
 
In the studies finding no associations between physical activity in youth and blood 
pressure in adulthood, activity included all kinds of physical activity, aerobic exercise 
as well as speed- and strength-demanding activities; the present study examined 
aerobic exercise separately. Furthermore, the subjects were younger at follow-up than 
were those in the present study (age 20 to 40 vs. 35 to 70) (Barnekow-Bergkvist et al. 
2001, Twisk et al. 2002b, Boreham et al. 2002, Hasselstrøm et al. 2002, Lefevre et al. 
2002). Another factor that may contribute to the findings of no association can be 
inaccuracy in measuring physical activity, especially its intensity, which is often used 
in calculation of total physical activity (Twisk et al. 2002a, Ropponen et al. 2001).  
 
The findings that regular aerobic exercise during the past year was associated with 
elevated systolic blood pressure and that otherwise no associations appeared between 
present engagement in aerobic exercise and blood pressure are contradictory to earlier 
findings. An association between physical activity and low risk for hypertension has 
been found (Paffenbarger et al. 1983, Paffenbarger et al. 1991, Haapanen et al. 1997b, 
Pereira et al.1999), as well as between physical activity and low blood pressure 
(MacAuley et al. 1996, Wareham et al. 2000). No clear explanations exist for the 
present findings. One possibility is that those who have had elevated blood pressure 
readings may have been advised by their physicians to exercise. These results may 
also reflect the difficulties in assessing lifetime physical activity; perhaps the 
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classification of physical activity in adolescence was more accurate than that of 
adulthood physical activity. 
 
6.3. Effects of genetic and environmental factors on physical activity, blood 
pressure levels, and their associations 
 
Interindividual genetic differences accounted for 35% and aerobic exercise in 
adolescence alone explained 5% of the variance in diastolic blood pressure in 
adulthood. In turn, genetic factors explained 44% and the environment 56% of the 
total variance of aerobic exercise in adolescence. High intensity aerobic exercise 
during the whole lifetime was also associated with low diastolic blood pressure in 
adulthood. However, when the effect of this variable on diastolic pressure was 
assessed together with genetic and environmental effects, it was not significant. No 
physical activity variables were associated with systolic blood pressure, 39% of which 
was explained by genetic effects (IV). 
 
Several studies have demonstrated that blood pressure is in part genetically 
determined (Fagard et al. 1995, Luft 2001). The present results are concordant with 
the earlier estimates of the proportion of variation in blood pressure explained by 
genetics as ranging from 15 to 73% (Hunt el al. 1989, Koskenvuo et al. 1992, Hong et 
al 1994, Schork et al. 1994, Fagard et al. 1995, Snieder et al. 2000, Livshits et al. 
2001, Vinck et al. 2001, Iliadou et al. 2002, Evans et al. 2003). Furthermore, 
intervention studies show large variations between individuals in resting blood 
pressure response to exercise training. Genetic effects account for part of these 
variations; consistently for systolic and somewhat inconsistently for diastolic blood 
pressure (Hagberg et al. 1999, An et al. 2000, Rauramaa et al. 2002, Rice et al. 2002, 
Zhang et al. 2002, Kimura et al. 2003). 
 
The same genetic factors associated with participation in aerobic exercise in 
adolescence seemed to be associated with low diastolic blood pressure in adulthood. 
Three different bivariate models fit the data about equally well. The ability to 
distinguish between well-fitting models depends on the number of subjects in the 
study. Since this number is not very large in the present study, it cannot be concluded 
which one of the three models is the best, and thus the general conclusion is that both 
genetic effects and non-shared environmental effects accounting for aerobic exercise 
in adolescence on the one hand, and diastolic blood pressure on the other seem to be 
correlated (IV). 
 
Muscle fibre proportion may in part explain the correlation between the genetic 
effects of physical activity and those of blood pressure. Fibre proportion determined 
at baseline in 1984 was a significant predictor of blood pressure at follow-up in 2003. 
A high proportion of type I fibres (type I%) was associated with low systolic and low 
diastolic blood pressures. This association persisted also after adjusting for other 
baseline data, i.e., physical activity and BMI in 1984. The association between type 
I% and blood pressure was unchanged also when adjusting for exercise, BMI, and use 
of alcohol in 2003 (V). The fact that type I% predicts volume of exercise, and that the 
trend between exercise in 2003 and diastolic blood pressure was lost when including 
muscle type distribution into the model, indicates that the known association between 
exercise and low blood pressure or exercise and low risk for hypertension (Blair et al. 
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1984, Paffenbarger et al. 1983, 1991) may at least in part be due to fibre-type 
distribution, with exercise acting as a confounding factor in this association (V).  
 
Type I% is mostly determined by genetic factors (Komi et al. 1977, Simoneau and 
Bouchard 1995) and is rather resistant to change with alterations in aerobic activity 
(Bassett 1994, Simoneau and Bouchard 1995, Spangenburg and Booth 2003) and with 
ageing (Rogers and Evans 1993). Hence, muscle fibre distribution may cause a 
genetic selection bias in observational studies on exercise and hypertension, and also 
on exercise and coronary heart disease or stroke (Kujala et al. 2003), since 
hypertension is an important risk factor for these diseases (Collins et al. 1990, 
MacMahon et al. 1990, Franklin et al. 1999, Domanski et al. 2001). 
 
Furthermore, the result that, in men, participation in vigorous activity only in 1975 
was not associated with increased risk for hypertension between 1982 and 1990 
(adjusted OR 0.96) compared with persistent participation (both in 1975 and in 1981) 
(III) may imply that the genetic component is also important in the association 
between vigorous physical activity and low risk for hypertension. It could be thought 
that, due to inherited characteristics, those who are physically active and are engaged 
in vigorous activity would be at low risk for hypertension even if they were not 
physically active. One test of this hypothesis would be to examine twin pairs 
discordant for physical activity, as they share all (for MZ pairs) or some (for DZ 
pairs) of their genes. Using this design, Kujala et al. (2000) have shown that physical 
activity is associated with reduced risk for type 2 diabetes, and with reduced risk for 
overall mortality in DZ, but not in MZ pairs (Kujala et al. 2002). The current sample, 
however, comprised too few pairs discordant for both physical activity and incident 
hypertension for meaningful analyses. 
 
6.4. Other risk factors and hypertension or blood pressure 
 
High BMI was consistently associated with high risk for hypertension both in men 
and in women (I-IV). In Studies IV and V, BMI was, however, not associated with 
measured blood pressure. High BMI is known to be a risk factor for hypertension 
(Stamler et al. 1978, Havlik et al. 1983, Paffenbarger et al. 1983). Heavy alcohol-use 
and diabetes were also associated with increased risk for hypertension and increased 
blood pressure (II-V), in accordance with the literature (MacMahon 1987, Stamler et 
al 1997, Sowers et al. 2001, Stamler et al. 2002). 
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7. CONCLUSIONS AND FUTURE PROSPECTS 
 
The key findings of the present study are as follows: 
 
1. Long-term vigorous, competitive endurance activity in adulthood is associated 
with a markedly lower occurrence of hypertension compared with that of a control 
population. This association is independent of body mass index. Natural 
propensities and the process of becoming an elite athlete in endurance or mixed 
sports are associated with low risk for hypertension in middle age. Both selection 
to these sports and continuity of endurance training may play a role in explaining 
this low risk for hypertension. 
 
2. In an unselected population, long-term engagement in vigorous physical activity is 
independently associated with reduced risk for hypertension in men compared 
with persistent non-engagement. Changes in engagement in vigorous physical 
activity were not associated with increased risk for hypertension compared with 
persistent engagement. Women showed no association between physical activity 
and risk for hypertension, which may be in part due to differing patterns of 
exercise with gender. 
 
3. The heritable components of aerobic physical activity in adolescence and of 
diastolic blood pressure levels in adulthood are correlated. 
 
4. A high proportion of type I (slow-twitch) muscle fibres in skeletal muscle is a 
strong predictor of low blood pressure levels. The association between type I% 
and blood pressure is independent of physical activity levels and body mass index. 
Type I% also predicts physical activity levels, and partially explains the 
association between physical activity and low blood pressure levels.  
 
Consideration as to whether genetic selection explains some of the associations 
between physical activity and health seen in observational studies is increasing 
(Kujala et al. 2003). The present study offers some answers regarding hypertension. 
In men, most information obtainable by observational twin studies has already been 
processed. Now, short-term and long-term intervention studies concerning the effect 
of exercise training and genetic factors on blood pressure levels and risk for 
hypertension should be conducted. And finally, the specific genes in part accounting 
for the association between high physical activity and low blood pressure levels 
should be identified. 
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Figure 4 Associations between physical activity, other environmental factors, inherited characteristics, 
and blood pressure and hypertension. Type I%=proportion of type I muscle fibres.
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